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MARftlAOEUTIGAL PROTEINS, HUMAN TIIERAWDUTICBi mJB(L^^IttJM 
i ALBUMIN, INSULP*. NATIVE CHOLERA TOXIC D QUDMITTED ON 

TRANSGENICS PLAflT ffiS 

1 

5 

RELATED APPLICATIONS 

vThia patent application olaima the benefit of U.S. Provisional Application N o. 

i rnxxniy 23, 2001, 60/2033424, filed Jauuaiy 23, 2001 audW U.S. Piuvisiuiial 
10 Application for Henry Danioll entitled "Exprepgion of the Nativ e Cholera To» tin B 
Onbunit Gene aa Oligomers in Tranagonio Tobacoo Chloroplooto," filod February 23, 
onn 1 Tli-" r" rn " f n rr 1inn ^ nT1 ir ralnfa * r cltpr ' t puni^n™ prT/moa/ni iqq ^y n 

Specific Aims; international publication ifotft rtj Mnrrh 1 Wfl ThPFf* Pirtif'r 
proviaional application and publications arc he r eby inco rp o r ated by r efe r enc e . 

15 

TECHNICAL FIELD 

ThiG invention rolat03 to oompositiona and mcthod3 and produote-ef — • 
Phagg mooutiool Frotoina, Human Thorapoutioc, Human Serum Albumin, Inaulin, Native 
<3holora Toxio B Submitted On Tranog e nioo Plaotids, containing tranaformod plao &b. 

20 

Thio invontion r e lat e s to sev e ral embodiments which are di s closed herein ift 
se veral epeeific a tiono and eoirrooponding figures titled m Ph»iniflr,mtiQn1 Protc as? 
Human Therapeutics, Human Sorum Albumin > Inoulin, Native Cholera - Toxic D - 
Submitted On Transgenics Plastids proG e ntad ao on e pat e nt application and a got of dawn s 
25 4hereof. ■ 

NON-OBVIOUS NATURE OF INVENTION 1 

S oopito tho potontial advontagoo of ohloroplasts for biopharmaceu ti caLpr e dia c tion i i t w a e 
30 not obvioup that oiEprooood phannaoeutioal protoino in plaotido would aooomblo in thio org a n e ll e. 
Prior to thic pat e nt apphoation thoro wor e no publiohod roporto of biopharmaooutioal protoinc 
oiippoooion in e hloropl a ota Ind ee d^ there w e r e v a lid re a sons to suggest th a t trnch exprftf rinn 
would bo problematio i Proinsulin contains both o t and ft ch a ins and the C ^ peptid e that conneoto 
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thorn. It id oynthooiBod an a pr e proinculin by the pancrgas ■ After proper f o lding, riifulflfite 
br idgoa arc cstabliohod botwoon a and ft ohoino. NTH rovioworo noted that ohloioplaata 
tJiynsaiun uf high lovolo of ' prop e rty - agQ e mbl e d'proinoulin^wafrunantioipatiod. Nor wao it 
s lmouo, ao poiated»ett^y 'MH' T^ ^ would to 

5 folly functional. Prior to t hia inven^on, th o r o woo no - rep e rN>f ojcproooion of p r oinoulin w ithin 

DiiuilmJji, prior to thio invention^ thor e wao no report of e xpreoaion of Human S e rum 
Albumin wiUiiu plaslids. Human scrum albumin io a globular prot e in of 66 i 5 ItDa in oiEO that 
jhuuld bu uiuporly foldod and otnbilirr e ri wit h e e rv en tftffin disulfide bri d g e s . Ennui hnmnn nnnim 
10 Tlrnmin ronpintn of tbrr^ rnr^r^y r ^n»^ a~~,~i„„ „„a ^ ^^i-g^,, „~ ^^*\™~a 

pairpi USA ip initially oynthesigi Q d ac pr e pro ilhurnin by (lii Uili auii ml ea o ed from th e 
e ado p laoHiatio reticulum after removal of th e arninot e rrninnl prop e ptid e of 18 ainiiio n e i d d T h e 
pp o albumin io further proces s e d in the G o lgi c o mp l ex where th e ot h rr 6 nminot e nnin al res a dw e c 
15 e f tho propoptido aro oloavod by a oorino protoinaoo. Thio rooulto in tho ooo r otiott of tho matur e 
p o lypeptide of $ 85 amino aoidoi It wao likowioo unantioipatod that fully aooombl o d HO A we uld 
I w B ynthooiaod in largo - amount within phrti di 

Mjj lu Livuiu uu ' oauo e o diarrhea by rolnniTinn . thrumml! int e rrine nnd prnrinning 
20 W Rttuotcutino, of which the cholera toy in (CT) is ff o ns i ^grgd thft ma i n c a we e ^&tmmaii^mGl£mm 
iw ?famorio "i\B; protein having one 37KDa A mibunit which hac tojiio ADF ribooyl tmiiafe ww» 
•ea sily and a non toxic pentam e r of 1 1. 6 kDa B cubxmito th a t aro non oovQl e nfo M iniioti imle^i 
many Ptablo doaghmrt like structure int o which t h e toxic a ctive (A) eubnnit iiD - inoort idi Tin jtor 
wfeuuiL uf OT oonoioto of two frogmonto Al and A3 whioh aro linked by a dioulfidu luiidi Tiw 
25 n—f | Tmntie -activity o f CT is locate d so lely o n th e A i l fragment, Tho A3 fragmont of the A uubuiiil 
fa ko th e Al fragmont and tho B-pontamor. CT binds via apcoifia inteiaeliuiLi uf ILll D ' sul i uiill 

«l upfaoo of tho hoot Th e A - oubunit ic then tronolooated into the cell wh e r e it ADP ribooylat e o the 
^y yiibuixit uf ad e nylat e oyGlace bringing « abom the inrrxagird nf cyclic AMP in flffrrlrrl i 

30 «e llc that k associated with the^g le ctro l ytg and flu id l os s of rlimral rho l era . Hournrrr , thin H 
W ibuTaitj when administered orally j io a potent muoooal immuiiogoti wkic i h e i an iiuuLiiiliLU Qil 
ee iii e ity of CT holotojiin by provontin^to4)inding 4 o ' into9tiiial>uU3. To uulii^ut Uiij uflLtl, lliU r 
flubmiit must be asacMiiblod ' in^ - ^pootamerie foini and dlsuLQdL UMgu& jhuuld bu Lalabli&lieg 
e mong tho cubunit otruoturoo i It wac not obvioi a o that plaotido oould oiipr e oo and noo e mU e 
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f p ntf]TTimrin fTFf Th rrr hir hi — n nr r ] rrinrrrpTrrt if ~rp"rn~n ~f T° pr f*" " 

plditidi. 

Thow woo no oortointy that biophommoouti a Qlo would ftoo e nib ia norm all y i n a hJ e r e p l n s tc 
5 ui ILluL limy w& uld voMxin tiioir functionality in tho priop art. Indood^ tho g o wight towo bom 

mifoiooeicm d&totoriou£K > ffooti>of high lovol oxpnoooion of biophu i iimaoouti aft lo in i hloffop la oto on 
plRBi g p o¥ i rth ofrdovolopraonfrthafrwore - not apparent from tho aiip a ri e no a G wit h a ttar frflno g ann ai 
ghfi pll and e l ucidation otato of tho^hloroplaot . difforQ from that o f t he h wman bto o rri nr hnrtnrinl 
■e ll jfi waya that migb ^M ^Mbi^Qi ^ prcvcnt propor folding and aaoombly . 
10 1 j ¥huiu tuu ujuuiiplej of protQuvooiupteK e gnu ^ he ohtoropkwt in which all the aubuni t a mrej 

I i f- n n ^ nhWnplaPtc n>T* liM^rJ^gnnio prnt^no ir.tr> Tnnlti'-pT^ffin r-rvmplpypg Viae Tint VlPPTI 

»af prto6 ' iintil tho prcoont invention . Th e re io -a oingle Q MampJffl in tfag litfrntnrp of in intfr rhnin 
i iomlfido i bond ' in plant ohloroplaflts, and that vj between uiiglibuiiiig luigi subiuiil& uf lilt 
15 mtmpm&m bu\ooo ly 5 biphoopha o O ' carboxyiafl e /exygonaGc. Tho o? ep gooaien and uujumllj iu 
t a misfoimiad ohl o ro p laqta of funutkuml piolciu& ioiihim!iiig of difiteieill piuielll ffl gflTBTinCTTOHf^ 
di ottii&do^bon d fl - botwoon difforon t mibun i m , Lu picscuLid'by cjcpiemiioii aud ' JB SCTffltyTOr 
w munuulimi piot ci u lia.3 mv ii 1 bc U i dCiliuilsU^ted LUiQl" Qlfe pie^lll Ul^lll WT i . 
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fHOUUCTION OF Pni\Haii^OEUTOOi i LL PIlOTB iM§ 

— j7-r 

Iff TRANaOEPrcC CIILOnOPLAET fc 



5 RELATED APPLICATION 

¥ hij patent ap p lioataoi^otQama'lhe^bonofit of U.S. Prerviaionnl Appfeoation fl fo . 
*j0/105,907, filed Mai ' sk 1, 2000. This Lailiu piumiunal appliuiliunis lnuitU^ IiiLUipuidLUl 
bj joftufomc i 

10 MELD OF THE INVENTION 

¥klj invention relates to - the production of pkaniiaceuticafrpreLLiiis iii Lmna&LiiiL 
^ tlilui uplaits. M o re par t Aotihirly, 1 this invention relates to the production of hv n rian insulin ixi 
tobaooo plants . 



15 



20 



25 



30 



ido to oyfttliiBoiae ba gfatedbeyfaa 



liiuinbiiiant proteins in plants/ Recombinant 1 protchia audi as vaiuineA, muiuiluiial 
*mLibudk,&, liuiiiiuni&, growth factors, neuropeptides, eytutuxni;,, &umn pmliim Aiiil 
^ nuymea - havc been cxprca3cd in nuclear transgenic plants (Mayxl al., 1990). It has> biui 
^atiiimttLd that one tobacco pl a nt should be able to piodnee ujnj^rreumbin«ml piulein than 
g 300 ' lilu fu mentor of E, coli: In additi o n; a tobacccr plant produce 3 a inillicai aopds , 
Hicicby facilitating larg e -scale production . T ob a cco i s also^ag ideal ehuiee bumiue uf iti 
iclalivt ease uf genetic manipu l ation an d- a n 1 i mpen di ng 1 nood to oxploro - okoraato uooo for 
tliia lunai ' dcma cro p . 

A piiniuiy roaoon for tho high cost of production via fenwiatfltinn if thr rntf of pflrhrm 

uiujl uiniMteb-i^planl-pi^^ 

Ti^^uu ^LLifliJ expi^teCT In l ea v er can ' Buable die u^ uf uuy plwiL> 

a& iliilw able leauiu uet>r Hai vesting -Oiu cuba, tubm, ueeda ui -JUmm-fUi mud aiiQ JLLH Mill 

u ^ i ill ii gj addititm a il 



teauBb J\ji value -added- piuduLts shuuld lesult iii fuithci 
mvuouiLllL 
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is diLli luw liveluf fuieiMU 

WiLjuiL^ and culaiii jjiuluiiia. Majri L dl . (1998) diaiuA& fljjtfpiublLM ' UMMg ' tlil fulluwM T jj 
cjuuijjIu. Although plant de il v ^ ifTiuw e 

5 m> a luiinnaeial leeum^^ tubaum puil 

' 1U w (Vi.ui % of total soluble pimeirfr^v^^ Nuiwalk v bus laysid yiuiuu uipiujaiwl 
111 pUUlUtk Lilted Ulal iuunmii zal icm wlieu -IMIlStlUlBd \& fUUU (edible VlMJlllBJ, tfJiyitflSlUU 
*^ilfc-^uu luuK0-3^uf tu^ gene tudlllg 1U1 LiiU 11U11U1I 

e pidimml g,i«i w-th— facteg- waa cflgproaaod^only ^up -to-faQO 1 fKm of total » c&l» bi»^a»toiiiwia 

10 uan^guiiu lubautu; Iltuudu seiuuialbiuiiuiliabbtfeu tApiessedunly uyiu 0.02% uf the luim l 
pe luble p rotoin in tgonBgoaiaj s laa^ 

1 lieilirUlL, 1L 1 H l UipOl ' Laiil iMitto^JHW^^ yiUtUlll ill 

is lu,uuu Luyiegyei eeiiumvts imuii imufpumaai mm iiiB-iuBaijcireiiiui'UiJiLibigtiiuiiiL luuwug 

111 uixuiiiuluiWM^^L^ uJ? iliu-tolal LUlulai piuluii ' (MiDiidw 

ill, 

" Hil afuiuuLntiaiie^ay px ud^bch (c j iccpt chfeKepiast Ljuisfmmation)aiu lixiiiluiH y 
Bihnfijrr i ti i n ii [? ; ^^ lInnnrtaB- 

20 compartment. However, sovoral pharmacologically important prot e ins (ouch no inouli n, 
human oerum albumin» antibodie s , enzymes etc . ) are pro d uce d currently in E . coli , A ls o, 
seve r al bacterial protcin3 (3uch as cholera toxin B subunit) a r c U3cd a3 oral vaccines again st 
diarrheal diaoaaoa. Therefore, it io important to develop a plant production ayotom - for 
oxproaaion of phannacologioally important proteins that are currently produced in 

25 — prokaryotio oyst e mo (ouoh ao E. coli) via formontation. 

ChloroplaDto ar e prokaryotio compartments inoid e oulcaryotio oollo. — Sinoo th e 
tranooriptional and tranalational machinery of the ohloroplast is oimilar to E. coli (Drixoy ot 
al., 1 007) , it io poooiblo to e xpress prokaryotio gonoo at very high lovol3 in plant ohloroplasts 
than in the nuolouo. In addition, plant oolta oontain up to 50,000 co p ica of the circulai jjlastid 

30 g e nome (Bendich 1987) which may amplify th e foreign gene like a "plaamid in the plant 
cell," thereby enabling higher level s of expression . Therefore, ohloro p lasts are an ideal 
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, ohoioo for oxprooaion of recombinant proteins that a r c cmicntly CApius&cd in E. tuli (such 
as insulin, human serum albumin, vaccines, an t ib o dies, etc.). We eAploiled the uhluiuplds t 
tranaformation approach to express a phnimacologicnl protein that is e»f n o valui Lu lln planl 

. to domonotrate thio ooncopt, GVGV? gono hao beon oynthooifiod with a oodon proforrod for 
5 ■ prolcoryotio (EG 121) or eukoryotio (TG131) oxprcaaion. — Baaed on transcript livil s, 
chloroplast expression of this polym e r wao a hundred fold higher than nuoleai 1 utpreasi e m 
in transgenic plants (Guda et al.i, 1999). Reo e ntly, wo oboorvod 16.966 ' fold mun lys 1 
tranooripto in oMoroplaottranoforrnanto than the highly cxprc33ing nuclear transgenic plants 
(Lee et al. 2000, in lcvicw) . 

10 

DETAILED Dfc&lKIPllON 

III our roo e nroh, w e uo e inoulin as a modol protoin to demonstrate its produotion aa a 
value added trait in transg e nic tobaooo. Moot importantly, a oignifioant advantage in the 
produotion of pharmaceutical protoino in ohloroplaats ia their ability to process cukary otic 

15 protoin) including folding and formation of disulfide bridges (Dreshcher et al , , 199S) . 
Chaporonin protoino arc present in chloroplasts (Verling 1991; Roy 1989) that funuiun in 
folding and assembly of prokaryotio/eukaryotio protoino. Alao, protoino ore activated by 
dioulfid e bond oxido/reduction cycles using th e ohloroplaot iniorodoidn oyotom (Fioullond and 
Migiiiiac^laslow, 1999) or chloroplaat protoin diaulfid e ioom e raoe (Kim and Mayfield, 

20- 1997). — Accumulation of fully assembled, disulfide bonded form of an t ibudy insid e 
ehloroplastc, even though plastics wore not transformed (During et aL 1 990)^ provides strong 
' " ftvi d encg for s uccessful assembly of proinsulin inside ohloroplqgto. Indeed, wo observed 
fully assembled heavy and light ohoina of humanized Guy's 13 antibody in transgenic 
tobaooo chloroplactc (Ponohal ot al. 2000, in roviow). Sueh folding and assembly eliminates 

25 fco nood fo r poot purification proooaaing of pharmaceutical protoino ■ Chlo r o p laoto may also 
bo isolated from crude homogenates by ccntrifugation (1500 X g). This fracti o n is free of 
e ther oollular protoino. I'oolatod chloroplaoto aro burot open by oomotio ohock to rol e aoo 
foreign prot e ino that aro oompartmontaliBod in thio organelle along with few othe r na t ive 
so luble proteins (Daniel and McFaddcn, 19 8 7). 

30 6VGVP is a PDP made from synthetic gonoa. At lower tomporaturoo tho polymorc 

wriot ao moro oxtondod moloouloo which, on roioing the temperature above the transiti o n 



~W0 01/72959" 



7 



" PCT/US01/06288 



tangg, hydrophobicfllly fold into dynamic structures railed ftnspirals that further flflgrpgatn 
by hydrophobio aooooiation to form twiot e d filamento (Urry, 1991; Urryj ot ah, 1991) , 
Inwac, tc i mporaturo tranoition offerc several advantages . Exprmr assnrifltnrl with 
o 4 ifomatographio ro s ins and oquipmont oro oliminatod. — It aloo faoilitatoo ooalo up of 

5 purification from grams to kilograma. Mildor purifioation oonditiona uoo only a modes t 
ohango in temperature and ionio otrongth. — Thio aloo faoilitatoo higher rooovory, faot e r 
purifioation and high volume proo e ooing. Protein purification io g e n e rally th e olow oto p 
{b ottlonook) in pharmac e utical product developm e nt , Through exploitation of thic reversible 
w¥orQo temperatur e transition property, simple and inexpensive extraction . and purification 

10 ia y e rformed. Tho t e mperatur e at whioh th e aggregation tok e o plao e oan b e manipulated ! by 
e ngineering biopolymcra containing varying numbcra of rcpoat3 and ohongmg, suit 
c oncentration in s olution (McPher s on et a l ., 1996) . Chlttrnplast mediated rrprpsfinn o£ 
insulin polymer fusion - protein eliminates the need for the eKpenoive fermentation prooooo 
ao woll ao roagonto nood e d for r e oombinant prot e in purification and downstream processing . 

15 

Largo ooalo produotion of insulin in plants in conjunction with an oml delivery sy stun 
io a poworful opproaoh to provido inoulin to diabotoo pationto at an affordablo ooot and 
p p ovido tobaeoo farmers altornato usoa for thio haBardouo orop. For oxamplo^ Sun ot al . 
(1 99*1) showed that feeding a amall doao of antigona oonjugatod to tho roooptor binding uon 

20 toxio D oubunit moiety 1 of the cholera to ? rin (CTD) suppressed syslemiu T lell-mcdui e d 
mflaimnatory roaotions in animala. Oral administration of a myolin antigon oonjugatod to 
€TD has boon shown to ' protect animals against onoophnlomyolitio, ovon whon givon afte r 
di sease induction (Sun-ot - al. 1996). Borgorot ct air (1997) iipuilul that fuding small 
omounto of human insulin oonjugatod to CTB suppressed beta coll destruction and clinical 

25 diabotoo in adult non oboso diabetic (NOD) mice. Tho pr otective effort could be iiamfuiul 
by T c e llo from CTB inaulin troatcd - miiinala and waa as&uciatcd with xuduLtd ius ntttts. 
These result s -demonsfrate - that protection 1 -against autoimmune diabetes can indeed fre 
aehiovod by fooding small amounts of p ancreas islet ucll autci antigen linked Lu CTB 
{B orgorot, ot-aL 4£ 9 - 7ji Conjugation with CTB faoilitnt e o antig e n d e liv e ry and pr e s e ntation 

30 to tho Gut Associated Lymphuid Ti&sms (QALT) due LU Us affinity 11)1 llie Utfll «UffaCfe 
g eooptor GM gangliooid e loo nted on GALT oollo r for inoroaood uptalco and immunologio 
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aa gOgtrition (Arakawa et al . 1998) . Transgenic pot a to tubers expressed up to 0 1 % fTB - 

inmilin fn rri~ n p r~ t ~i ^ 4, ~*" 1 p™+™"_ MnAfi -- nrl pu ^ 1 " nn ' rln 

-rffinifrji nnd u nti rr m itnrm i rt y f nr Vrtli TP \\ - A i : n r : - n rnfj "* L 

puiftlu Lttbuia containing mic r og r am quantities of CTD * in3ulm fusion protein ghowofr a 
5 Jufo»Uiutial*oduotion in inaulitio and a dolay in the progro33ion of diabotoo (i\rlmwa otroJ . ? 
KKftfl). H+jwovoFrforconamG^ial^ tri In* i i H'tiFinirt d 

iix t ImiU^uiiio planter Therefore, we undertook - the expressiorrof GTB ^ insulin fiiDioti in 

a i l g quQlo for animnl t^rrinQ 
10 IgaiBiini i i ' dancc with oncstdvantogeous fuifeuiu of lluAiuvcu t i o u 9 i wcuaLpul^(gVO\ 1 I i )r i 

m*e*£mm*!mQmtoe mM to cn&blo-byporwCKprccBion of insulin and Qooomplioh rapid ono Btep 

15 narnmpliThfrl i i n followo ! - 

prfiffrinr nnth GVGVF or GTB via ohloroplaot gonomoa of tobaooo ? 

b) Qbt ft in transgenic tobacoo (Petit Havana & LAMB 605) planted 

c) Alhn'nrtr'"^ ^TBgrn i r ftTt p rr fini or i ttf proinnnlin polymer rr TP ^ini^n pr^ifi 0 

d) Bftiployoiricting or modified methods of polymer purification from transgenic teava s, 

e) AnflljrrT Q A4 frnrHiau or maternal inheritance of transgenic plants^ 

m a tbodr rnth p nl y m rr hmrrl pnr i firntir i n r i rH' i r ii l in P I 'f' f f T'lM ''^. 

i) Assessm e n t o£dK&eti^ymptomo in mioo fed with cdiblo^obaceo expiring G¥ Bc» 
kfccnlin fhnnn prntaini 

30 Bi abftgis a n d In s ulin s ■ Jnsutinjoweis blood gIuooao(Qaldy-et"alf4 973).^ This is ailsuIL Uf 
i t ii iTmnr rlin t T ifFr^t in inrr"nHu£ Jn^n^ nptnV " in -tifm rtn Tr \ rrr " 1 ", 11T1 ^ n ** 
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u?uiliiLui fee eaybon - dieRtd e- ."-^igttlin also affects a numbor<)f4mportant-eiiiqTOes-c on ggmgdi . 

increases the activity of gluookinase, which phosphoryia te s 
g llllUbl, diueby iuci casing the rate of gluooao metabolism An th<? liver Trmilin aisn 



A — ^"""^ ^^ mi,Uri ™ " tin,,innnri Unm 1 J it 

( fcypo g glyoomia). Im addition, the broalcdowa ef natum! fat to fre e fatty a e idn and fcljuaitel 
ic i in s r ea o s d and thoro io a rioo in tho fatty ooid oontotit in tho blood, Inogoaood ootalioliom a S 
10 , f a tty asi de by tho li^o g g ooulto in gi ' onto g p roduction of leotono feodioo. Tho y diJ j Euuu Hum tin 
l tT i T i ir and pooo to tho muooloa fog fiii T thot h - ox i datioP!. ^ Soon 3 ketone bodj pioduuliun rule 
fti i iTfi ed a a uid a tion rato and kotooia roGultGi Fowqe amino aoido aro talcon up by tho tioouoa and 

15 ainbiit i o io olaoaifiod into typoo I end II. Typo I io aloo known as inoulin do p ondoi pt 
^nk^^^nj^pgpp^ , TT nnn11ythinfn AUy^ ^n^^^^n^n-n j..* 

of th e ptm e r e citio p oollo (Davidoon , 1 Q 9 8). Thoooouffome&omlfaiotjyQorodo p c i udtiii l ftu 
^t^^oi ^fi~mu~ T ^ j r T T in k no wn nn nnnrnm ilrn rl opnnditnli dinbttinn mnlliti i dr 

ftlIDDM)i Thio uoually involvod roaiotonoo to inoulin in uomb motion ^dth itc 
20 iindrTprn rhT"ti rt n Thr"~ p^^-™-^ ^^^.nr, n, Tn inri^ ^r..' w i ' i • 1* i 

pgnfrhirfinn of rooombinont human insulin (iHI) ^ 

BM pr c coion of Recombinant " Human Ins uli n in B. colh In 1078, two thouoond liilu jj ' aiu e 

rf inriTlin r~ iTP^rf ^ t 1,1 " n — — ^ y™™ 1 * A1 TT| ' 1 1 n * 1 ' i 

( Stoinop ot al., 1978). At that time, th e n mn b es i ' of - diabetica in flii UP wcjc hiciuuina 6% 
25 c wy yoor (Gunbyi 1978), In 1997 98, 10% inercaae in sales of diubUui cull piuduuls wufr 
f 9fl(i iuuiuaau hi irianlin p t 'o duots havo boon r oportod by Novo NorrHnlr forn ridisJaadittfr 
— pp K — ^ ; nmlin)j rnnlrinc it n 7 ? Trillion ^11™ A-»»niiy irnnnn ft 

— ^-n^ 1^,, ^;^u^» j : * + Vw " -f^™-*^ 1nn ^ nff. M j *i . J. . r 

y ed mitiiinn of rHI havo boon dovolopod. Inoulin gonoo wore fuot ohomieally ojfithcuoiuejd to 

30 ; " Z7 - / — /V {^*-™ ^ " T m-7Q^ TTinnn pr>r,r,n r>nonrlnrl nnpnrntn inmiU- ^ 




fiinrtion 
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^ulaalooidaoc (Gooddolofr al., ' 197Q)i Tho . firot do oum j ntad i prote c tion e f rtfl . unnp thi g 
mfrtrm nnff rppntfrrl foyp^tfl^ fiTCTfOt^. (Hall Iftflft) FQrF^^ifTDMwyif 1 

latti, tliL. ^uies -wcicfusul lu di i Tip &yalliasi guii. Tim fusiun piuklu was appiu v cut for 
o e miuercial produc t i o n by Eli Lilly in 1982 (Cliaing diiJ-Fxaiik , 199 3) with ap r educt name 
5 aflliuimliiL Aa uf 19Q6, Humuliii was piudmul fiuin piuiiiauliii guiua. PiuiiiJidiiiuuiituiiiJ 
lyuili iiuuliii iliaius ami die C-pepiide Uiai Luinieilb ilitm. Data cuiiiemiiig tuiiniieiUal 
piuduLliun ufllmiiuliu uiidutbLi imuliiipiudaLLMMiuw uuiiMduLdpiupiiLlaij i iiifuiimiLiUli 
gild lt> iiui available iu Llie public 

follm y uf Ilumaii Insulin, Iiibulin lias bom ddi vuud iiiUBTtnenaly in tliu peiul 'B u v m ml 
10 yn,ai&. Iluwuvm, muiu iwmidy, alumiam metliuds sueli a^ nasal spiayair alsu avallaU l t . 
Oml dulbutj uf imulin ij jil! aiiudim mw appiuaili (MadiiuwiU lL al., 1997). EiigillbLiid 
peilymoi ' miui ' ujiphei ' e.s mode ef biulugi^ally uudablL pulyiniij, wliieli diiplu^ jlnSti g 
ii i Humuliuua tviQi gaMioifilvtftiiial nmcm aiid LCll ' Ui ar lljlLag^KM' trdverse potn mucosal 
a tJSUipiivu epidieliuiii and die fuHiqe^assuuiatcdep^ the lymphoid ti eB uci 

15 irf Puj 'i Bi^a patehca. -Poly mew maintain 1 ' uuiilaU wifli iiitcslaiial upiLUiliuin fui uilLinlud 
p a modo of time and aetually puiiliali tluuugb and bUwiui iclls. Animals fed Willi llli 
^ly(TA. PLOA^euudpaulated iiibiiliii piepaiatiuii weib abtelu lugulaie Wtf glmjUMtf luad 
Bpfctw^fa em ujiiliula, LuuQmilug dial iiistriiiruujij&d fliu iiitej t iiml bailie and waj released 
flum llii miLi biulugiLdlly aidvi fumi (MaQiiuwili el ul., 1991^. 

a biuilnadu PDP ■ w iij 

Jtaigmd af c uiiepeaied" amino acid ^equeyic^ '^ QVGVf 1 , ubaeived in all aupiLuibd 
iliaiimiuliaii ilusliii piuliiiis (YOi u al. 1987). Ela&liii is urn uf flit sLiungbSL Knu wii iiaiuial 
flbus and is picsKiiL in skin, ligaments, and aiieiial walls. DiuLla&iiL PDPj Luiimiuiiii 
uiLdLiplL icpuam uf this 1 'pen t aniei have iematkable elasdi piupudus, uiabliug &uvual 

25 mudiLal and iiuu^iiiLdiual applications (Uu v tl al. 1993, Uiij 1995, DauiLll 199J). G^^O^TP 
puljumju piu I'uiil adlmjions fotittwiiig smgoiy ; aid in i woiiaU-aatiug, tijauuj mid duli > uiin^ 
dmgs lu iHtbudy o vbi ai¥V)maaded^ricd-of dme. 1 u Noidi Auieiitaii Sueuut AasuLLuiLJi, Iiiu 
mpuitud dial Q\ r OW pul^niLt h uoiwluAiu in niiuc, iiun^suisiluuig and iiuu " aiidgLiiiL ill 1 
g giiiiLapi^j, audiiuii-pyiugcuit ki i dbbiis (UiTy^et^bi-^S). Repeal tUbi^ liave al^u uljb e i VW1 

30 t UlL mSBlLilig j>liceis of ' QVQVP al diUMiLuj uf ooatattdiiatod ^ ouado in gato rarlnfii a r thru 
iiiiiubui uf adliLbiouri diaf f uimaa llie wuuiuLhcal (Uii> qui. 1993). Liasimilai mauiim, 
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uoing tho GVGVP. to onoaao mufloloo that aro out during eye ourgery in rabbits prevent s 1 
aoomng following tho ope r ation (Urry ot qL 1993, Urry 1995). Othor modioal appliontiono 
O f biooloatio PBPa inoludo tiaouo rooonotruotion (cynthotiG ligam e nts and arterigs , boags) > 
^owdcovc r inga, artificial pericardia, oathotors ondprogrammod drug dolivory (Urry, 1 995; 
5 ferny ot aU 1996) , 

Wu kiFc Mtpi - cjfled the, claatie PDP (GVGVP)im in E. ooli (Guda ot ah 1995» Brinoy 
at nli 1 097), iii thi £\w&\xuLpM gillus niduluns (Iluzug a al. 1 997), in tullunml lubdiiu milk 
( ■ Zhang ot al, 1995), and in tranflgcnic tobacc o plants (Zhang el al 1996), In paiticulai 1 , 1 
( CVCW)i^i haa boon cxproaaodto 3uchhighlovol9 ialJS. eoli thatpolymorinoluoionbodioo 

10 oooupiod up to about 90% of the cell volume. Also, inclusion budiua hay u bum ub&u v id in ■ 
o hloroplaoto of tranagonic tobacco p lants (sec att a ched article, Dauiill aud Guda, 199^ 
Rooontlyi, wo roportod otablo tronaformation of tho tobaooo ohloroplaoto by integration and 
oiEproooion tho biopolymcr gene (EG 121), kilo llii Laige, Dingli Cvpy m&iun (5,000 uupim 
p er ooll) or tho Inverted Ro p oat rogion (10,000 oopioo por ooll) of tho ohloroplaot g e nom e ■ 

15 (GudaotaL, 1999). 

PDP as Fusion Pr ot eina: Dcvcral ayatoma a r o now availablo to oimplify prot e in purific a ti o n 
i n uludui^ thu maltooo binding protoin (Marina ot aL 1988) & glutothiono S tranf e rfto e (Smith * 
aud JuliiiAuij 1900), biulinylalul (Tmu U al. 1996), QiiuiiduAin (Smith el al. 1990) and 
ifeiluluji binding (Ong cfe al. 19 8 9) p rotoina. Rooombinont DNA vootoro for fuoion with 

20 atiortptptirkn nrrnrTr nvrrilnH"*" «<Vr*^^y nf.mmn^hnmnri fiininnptiiTi ■■ timn 

pnififioatiouproccjo^n^thc t aL 1990;IGinandRahiiJ, 1993,BuUal. 1 9 92), Rciuiiibiiianl 
p Mtoino ore gene r ally purified by affinity chromatography, uoing Uganda opooifio to oomo r 

prntHr" "+ " 1 inn7 ) THln^n tlnnnn nm nnrvfhl t finln n ■ ipi n n fn m 1nh«M +i»i H ■nwlf. 

pnTlfiriti^n,nffinit^ r ^^^C^r^y^ 1n T" nr,n1r> r i1 ^ rir>nt ^ r> " infinin nnnmiminpnnH nnnt 

25 p r ohibi t ive. Theref o re, economical and non chromatographic toohniquoo aro highly 
fl e i oii ' able. In addition, a ecimmuu aululiuii lu N - luminal degradation uf ainall piptidia ia tu 
faoc fo r eign peptide to endogcm*i3 E. ^li pro t eins. Early iu the devLlupimnl uf this 1 
T Culuiiquu, p ' gulmlmidaac (p ' gal) waa uacd aa a fusion piutcin (Goldberg and G e ff, 1900). 
A djawbaolc ofKhiofnothod woj that tiio ft gal p r otoin io e f relatively high molooulag ¥ * oighl! 

30 ( MW 100,000). Tliumfbie, die piupuilluii uf die peptide piuduut hi Hie tuial piuluin i& lu wr 
Anothoi ' p r oblem aaa o cialul with Uiu laigu p^-gal fuMun is - ediiy leiniinaliun uf LiansUliun 
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«( Dumo tt c, 1983; Hall, 198B). This occur r ed when ft - gal was used to p roduoo human inoulim 
^eptMaj because, the fusioiTwas^ctocfacdirom tho ribooomo during tranoltttioii thnr yielding 
i ft e omplote peptides, Other p l ' o ic ^ls ^a f^lowcl , m o lcc ul m vvughl pioichis have been uacd-aj- ^ 
f J g iuu pi ' Oluino to uao f oaao tho poptido produotionj ■ For oxanipl e ^ better yields* were nhtflinfrl 

Acc o rdingly, one achiev e ment according to this invention is to uao poly(GVGVP) ao > 
g r fuuiim jjrmiuhi iu uiabli hypum^piussiun uf insulin and acc o mpli s h mpid oncncrto pi 
z ^Ullfliailuil Uf lllL XYilallULl pupilde. Al luwu limpuaiiuu Ihu pulymoi ' s wtiat ao moi'o 
ujituudud iMultiJuuLj wiiiuli, un y&h'mg Oil iginpualini abuvt Uiu aaiiMliun langi, 

10 h y drepk e bioullj fold iiilu dyiiumiL aUuLluiLS lalluQ p^piial& Qiai XUiLUei aggiegai e by 
hydiupkub Li l uiiUjfuiiiilvi'i5lLdIilaiiALiila(Uii < y 3 1991). Tlnuugi¥WBpteitartioip8fti» 

r lvusibli piupuiy, simple and inexpensive ejiUaeiiun and pmifiealfon is jiP&i ' fermiLdj.' Tim 
LUiiptiatuie al whieh aggicg ' aliuu Lakes plaee (TO is niauipulatodby engjinocji - iag, Triopolymoi ' o 
o e ntainiiij, vmymg numbers of repeats or changing salt concentrati o n (M c Phci ' san &t al j 

15 1 990). Anulhu giuup hus i ' eixndy dunonjiiat^d pmLGedtimn oiProcombmaBl! pr o toinfl b y 
fiuiuii with iheimally lespunsivc pulypup lh te s (Me y er a nd Chilluii, 1999). Pulynien uf 
d iff orpnt Difloo haw been ayBah o tfLiud ' uiid tApiu s aul inU. tuft. This appiuaeh aliu eliniinaies 
thm iimud fui uApemivc leagtnls, ' equipment and 1 lime xequhed fui puiifiealiun. 1 
Ghukia Tujin p sub unit as a fuMun yiumiii. Vlbilu ehuiciae eaiiies Qimiliea by 

20 oolonioiog tho small mlujlitiu and piudueing enluiuluAina, uf whiuh lliu ehulum ius are^f^ 
i Juuuuiduiud the ' inuiinaa s e uf luAitily. 1 OT ia ubcAumuiiui ' iDg ' piutuniUuvmj, unu BTODu 
/ftoulmiiit ^ hi&kha^ luxie i^PH ibu syhmH^ aiid ' auuii M lUAiepenlaiiiei uf 1 1.0 

l&Q. D DubuuiitiJ Ihul m riifin ' cuv t dciTdy " lh j ^ c d , i ut^ ,l ii ll vci i y i tftablL duuglmuL like sU ueluie iiilu 
wkioh <fao ta i ue ULlive ■ aubinnfr ' itf 1 mauled. The A safemiil uf OT euiuuU uf iuvu 

25 fpw g ii iwtfl Al imd A2 whi ch me l ink^^ The enzyinalie aelMly uf OT 

hlnritHrnlfiliroDflicAl&ufcni^nt^ill, 1976). The AS Augment uf Oil AaubunkliiiLi the 1 
Al foagmant and the Ifrprataiuei. OT bhidis via apt a uf Lhu D jubmiii ' 

p s almuop wth - GMl gangiiosideTtiie minibiaife leeeptui, pimenlun till nxlc&lhial upitliLlial 1 
uull uuifuuu uf flic husi. ThcyV ' s u b t mit ia> then uamlutaied lmu me mil wIilil li APT" 

30 whmnylntnn th » Go - oubun i^ of-ttdw yla to e y yul uj u - Uuiging abuul Oil inuLa&Ld IuulU uf LyUll 
At i lP in aff e e t ^d mdlj ihm iu aaauLiaiul wiflnliftlgtuulyie and flullllu^ uf illnlial Lliulei J 



WO 01/72959 



13 



-PCT/US01/06288 



( LubiiiJ \Li ah 109 4 ). Fei ' o ptimal cnaymatio aotivitsytho Al fragment needs tn f rpT i rrtrrL i. 
ftuiii tlit AS fragment by p roteolytic oloavogo of tho moin ohain and by r ed acti o n o ft t hc 
Jiaulfidu bund linking thun (Mukalancij et ah, 1079). 

' Mil DApii&sluu and a&sunbly uf GrFB - iH - temsgonio potato tuboro hoo bo s n r e port e d ■ 
5 ^miloi i uu U ul. 1997). ' 'The <3TB r guig, including the lomlu piplidi vvuj fujud Lu mi 
wduplujuiiuiLliuulumictc,ntimi3igiial(DDI^DEL) at tho 3 1 ondto ooqu e ot e r th e CTB pr eteifr 
^liiu thu lumen of tho ER. Tho DNA ' fragmeaa i fr^Qodk>g'4 i h»31 amino rig id lrindflft gfipridfc 

ytf lliu CR. Inmmnublul miuily din " iiidiu u l ed 1 1 that ' "tho ■ ^slofflit 1 dcpi^ad CTD prot e in mmo — 

fcobouloo (Mr 50 IeDqT) woroi'tih^^immont molamdir rpfiiPiriff irnhtrri from trmrprnir 
pe t e to lpQf and'tuboptiDrooiii. Qlnnlai 1 lu bactiuial CTD, plant duind OTP dmuiiuiid iuiu 
M omQDWw (Mj IS ltDa) dui ' ing, hoa* ft ewMgaateteisfa^ 

15 Srmijrme Indeed immunoporbent assajr methods indicated that plant synthesized (7TB 

p r o t e in bound opecifigally to GM1 ganglios id e e ,, the natural membr a ne receptors o f Cholera * 
T toKin . Th e maximum amount of CTB protein . detected in auxin induced transgenic potato ■■ 
l tftf ?ni tnW i m iT iy pp ^r^^^^^Y n ** 0/n ^- ttw - fnt **i ™inV>u prnj-ain — Tho oral 

;, nmi ir> ^ Q ^OT1 Of ^P-l TTli^ p V , nt^ tr? Tlc, C'* t " n p^totrt ticciipr tr^Tirf nrrnPtrl writb rtinlTTR gf\n a» 

20 (adniimgt&ns*! at weekly infrofyala for a month with a final boooter f e eding on day 65) hao 
Mho boon reported. Tho levels of oorum and muoooal anti oholora toi&in antibodioo ha mio e » 

Tjn11nrrin£; fn^- f nnl injrrtin n — ith ^T tV r f T r ~ t : ~ : — u A "p — 

25 iBtnnlifiniiii ilin ii lirnlflnirl i r- 1 ^' ' ^ 11 ' ' ,r 1 n i ' " 1 1rirTTri " 

?hu ujiLunt uf OT nmliulimliun in bufli Vei ' u ei^ll and il e al loup tujipomucnito eufefemrti* 
30 tfaa t a nti CTB ontibodioo pf overt OTbiadrng to Oflllulaf GM1 gonglioaidoo. Abo, auee fed - 
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g.n^rrtf'r* 1 nnrp ftfraaiabiaarit T TR [rT TB] (the heat labile rntPrntrmn prnrinrrri hy 

Dmc ffe to ; eigomo jff. e&li) whioh io structurally, functionally and immunologically similar to 
STB was onprosood in transgenic tobaooo (Arntaen et ah 1998 ) Haq et a l . y 199 S ) , T h «ry havrr 

5 luifribodicg raised^ r L TO - feem^.^^ 

WUiyiil ami agffleg&ted^o^Qmi—^ 

mucosal immuni t y to polype p tides to whioh it io ohomioclly or g e n e tically conjugate d 
10 (McKenzi e et at, 1984; D c rtzbaugh ct al, 1993). The production of immunomodulatory 
tronamuoooal carrier mol e oul e s, ouch as CTB, in plants may greatly improve the efficacy of 
edible plant vaccines (Ilaq et al, 1 99 5; Thanavala ct al, 1995; Ma3on ct al, 1996) and ma y 
aloo provid e nov e l oral tol e rance agents for pr e vention of such autoimmune disease s a s Type- 
1 diabet e s (Zhang e t al, 1991), Rheumatoid arthritis (Trcntham ct al, 1993), multiplc - 
15 s olorooio (Khoury ct al, 1990; Miller ct al, 1992, Wcinci ' U al, 1993) as will as Oil 
prevention of allergic and allograft rejection reactions (Sav e gh e t al, 1992; Honoook e t al, - 
19 93). Thoroforo, e?tpro33ing a CTB proinoulin fusion is an idoal approach for oral dolivory ■ ■ 
e f insulin . ■ 

Chloropla s t G e netic Engine e ring: Several environmental problems re l ated to plant genetic 
20 engineering now prohibit advancem e nt of this technology and pr e v e nt r e alization of its full 
p otential. One ouoh common oonoorn io the demonstrat e d escape of foreign genes through 
p ollen dispersal from transgenic crop plants to their weedy relative s creating super weeds or 
causing g e n e pollution among other crops or toxicity of tran s genic pollen to non - target , 
i ns e cts Guoh as butt e rfli e s. Th e high rat e s of g e n e flow from crops to wild relatives (as high 
25 na 38% in sunflower and 50% in otrawborrioo) arc c e rtainly a serious concern , Clearly , 
maternal inheritanc e (laokof chloroplast DNA in pollen) of th e h e rbicid e r e sistance gene via 
ohloroplaat gonotio engineering haa boon shown to bo a practical solution to thoao problem s* 
( Dani e ll e t al, 1998). Anoth e r common concern is the sub - optimal production of Bacillus ■ 
t huringiensis (B , t . ) in s ecticidal protein or r e lianc e on a singlo (or oimilar) B.t protein in 
30 commercial transgenic crops resulting in B.t. r e siatanoc among targ e t p e sts. — Cl e arly, 
different insecticidal proteins should be produced in lethal quantities to decrease the 
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development of re s i s tance . Such hyper » express i on o f a novel B , t protein in chl o r o p l a s t s h a s 
re sulted in 100% mortality of inscctg that arc up to 10,000 - fold resistant to oth e r B.t . 
protoino (Kota e t al. 1999), Th e r e for e , ohloroplast genome is an attractive target for 

e^preggi^n ^ffrrHgP Q ^ V^ tn ^ ability m pirprprr pvtTqnrrtin^Tily high level s of foreign 

5 prot e ino and e ffici e nt containment of for e ign g e nes through mat e rnal inheritanc e* 

When we developed the concept of chloroplact genetic e ngine e ring (Daniell and 
MUPaihliu, 1908 U.S. Patents; Daniell, World Patent, 1999). It was possible to introduce , 
i solat e d intact chloroplacts into protopl as t s and regener a te transgen i c plants (Carlson , 1 97^) 
~ Therefore, e a rly investigations on chloropla s t transf o rmation focuse d on the developmen t 

10 o f in organollo cyptomp ucing intact ohloroplasto capable of e ffioiont and prolong e d - 
tr onooription and translation (Daniell and Rebeia, 1982; Daniell et al., 1983, 1986) and 
e xpression of foreign genes in isolated chloroplasts (Daniell and McFaddcn, 1987). 
However, after the di300A T cry of tho geno gun as a tronofonnation dovioo (Daniell, 1993), it 
was possible to tranoform plant ohloroplasta without the use of isolated plastids and 

15 p rotopl a sts , Chloroplast genetic engineering was accomplished in oovoral phasoa. Transient * 
eKprescion of for e ign goneo in plaatids of diooto (Daniell et al,, 1990; Ye et al., 1990) was 1 
followed by such studi e s in monocoto (Donioll ot al, 1991). Unique to tho ohloroplast 

g^p^tl^ pngiiiPP^ncT ic tViF> HpwplnpnnPTit nf a fnrp.ign gene repression system using 

autonomously replicating ohloroplast oxprBQoion vectors (Daniell et al., 1990). — Stable 1 
20 integration of a selectabl e mark e r gono into tho tobaooo ohloroplast genome (Svab and 
Maliga, 1993) was also accomplish e d using the gene gun; However, useful genes conferring 
v aluable traits via ohloroplaot genetic engineering have been demonstrated only recently . For 
example, plants reoiotant to Bit sensitive insect s were obtained by integrating the GryLAc 
g ene into the tobacco chloroplast gen o me (McDridc et al., 1 99 5). Plants resistant to D.t. 
25 rooiotnnt inoooto (up to 10,000 fold) w e r e obtain e d by hyper expr e ssion of the cryilA gene 
within the tobacco chloroplast genomo (Kota ot al., 1999). Plants have also boon genetically 

engineered Yifl the fhlfrTOp lQ fTt f^n^T"* fr > ™nfar WKinirltt rnnintnnnft nnH thn intrnrhinnH 

fo r e ign gon e o w e r e mat e rnally inherit e d, ov e rcoming the problem of cut - cross with weeds 
(Daniell et al,» 1998)t — Chloroplast g e n e tic onginooring hao also boon uood to produce 
30 p harmaceutical products that are not us e d by plants (Guda et al,, 2000). Chloroplast genetic 
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engin ee ring t e chnology is ourrently b e ing appli e d to other useful crops (Sidorov ot al. 1 999; 
B anicll. 1999). 

Polymcr - p r oinsulin Recombinant DNA Vectors : — First wo dovolopod independent 
chloropl a st vectors for the expre s sion of insulin cha in s A and B a s polymer fu s ion peptide s ; 
5 ao it has been produced in E. coli for oommoroial purposes in tho past. The disadvantage of 
this method is that E> coli does not form diculfid e bridgop in tho ooll unless the protein is 
t a r geted to the periplasm. Expensive in vitro assembly after purification i s necessary for this 
approach . Therefore, a better approach is to express the human proin s ulin as a polymer 

fiicirm pr^in TViic mAtVimH io l^tt^r Vi^nc^ Milnrnplirtr nrm rnpnhl ft of forming riirm tftee- 

10 b ridges . Using a s ingle gene, a s opposed to the individual chains, eliminat e s th e n e o e ooity 
» f conducting two parallel vector con s truction proce s se s, a s is nee d e d f o r in d ividual chains . 
In addition; the need for individual fermentations and purification procedures is e liminat e d 
b y the single gene method. Purthor, proinsulin produota require le s s processing following 
e xtraction. Another benefit of using the proinsulin ia that the C peptide, which is an- 

15 ess ent i al part the proin s ulin protein^ has recently been shown to play a positive rol e in 

d iabetic patients (Ido ct al, 1997). 

R euen ll y, tho human pre proinsulin gene wa s obtained from Genentech , Inc . First , - 
t ho pro proinsulin was sub cloned into pUC19 to faoilitat e furth e r manipulations. The next 
s tep was to design primerG to make chloroplast expression vector s . Since we are intere s ted - 

20 inprningii1in^Ypr^cc|r>ri jht> S 1 primer yrae Hp>gign^H tr> land nn fh f*prr>in<ni1 in gpqnpnr.p This. 

FW primer eluded the 69 b as e s or 23 coded amino aci d s of the lea d ex o r pre^ s eqnence of 
p reproinsulin. Also, the forward primer included the enzymatic cleavage site for the protease 
fartor Xa to a void the use of cyanogen bromide. Beoid e tho Xa factor, a Smal site wag 
int roduced to facilitate subo e qu e nt suboloning. The order of the PW primer sequence is Sm al 

25 - Xa - factor ■ Proinsuhn gone. Tho rovorso primer inoludeo BamHl and Xbal sites, plus a 
she e t s equence with honiolgywith the pUC 19 sequence following the proinsulin gen e . Th e- 
297bp PCR product (Xn Pria) inolud e o thr e e r e striction site 6 , which ar e the Sm a l s ite a t the 
5 ! end and Xbal/Bomlll sites at the 3 1 end of the proinsulin gene. The Xa^Pris was cloned 1 
into pCR2.1 roaulting in pCR2.1 - Xa - Pris ( 4 .2kb). Ins e rtion of Xa Prio into th e multipl e 

30 cloning cite of pCR2.1, r e sult e d in additional flanking restriction enzyme sitc3 that will b e 
us ed in oubo e qu e nt sub - cloning steps: — A GVGVP SO - uicr was generated as described 
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p r e viously (Daniell et al. 1997). — The ribosome binding sequence w as introduced by — 
digesting pUCs - 10, whioh contains the RDS soquonoo GAAGGAG, with Nool and Hind III 
flanking sit e s. The plasmid pUC19 - 50 was also digested with the s a me enzymes , The 
S Omergene wac eluted from the gel andligated to pUC s- 10 to produce pUC s- lO - SOrner, Th e 

5 ligation step inserted into the SOmer gene a RBS sequence and a Smal cite outside the gene 
t o f a cilitat e s ubsequent fusion to proinsulin , — 

A nother Smal partial dig e stion was performed to elim i nate the s t o p codon of thft 
b iopolymor, transform the SOmor to a 4 0mcr, and fu90 the 4 0mor to the Xa - proin3ulin - 
s cquonco. The oonditionG for this partial digestion needed a decrease in DNA c on c entration ■ ■ 

10 and the 1:15 dilution of Smal. Onoo tho oorroot fragment waa obtain e d by the partial - 
digestion of Smal (eliminating the stop codon but includ e the RBS oito), it was ligatcd to the 
Xa- proinculin fusion gen e r e quiting in tfao oonstruot pCR2.1 -4 0 - XaPri9. — Finally, the 
biop olymer QlOm e r) — proinsulin fuoion geno wao oubolonod into pSBL - CtV2 (ohloroploat - 
v ector) by digesting both vectors with Xbal. Then tb e fusion g e n e was ligat e d to tho pSBL 

15 CtV2 and the final vootor wao called pSBL OC XaPris. The orientation of the insert was 
che cked with Nool ; one the five colonies chosen had the correct orient a tion of the gene , — 
The fusion geno wao also oubolonod into pLD CtV vootor and tho orientation was checked — 
with EooRl and Pvuil. One of tho four colonies had the oorr e ot ori e ntation of th e ins e rt ? — 
This vector was called pLD-OC-XaPria (Fig.2A): - 

20 Both chloroplast vectors contain the 1 6S rRNA promoter (Pnn) driving the se l ectab l e 

marker gene — aadA — (aminoglycosid e — ad e nyl — transferas e — conferring — resistance to 
spectinomycin) followed by the psbA 3 9 region (the terminator from a gene coding for 
p hotosygtem II reaction center compon e nts) from tho tobaooo ohloroplnst gonomo. The only — 

diffor^n^ b^tF" 8 ^ t h fEf tV rr » MiWnplirt irar-tnrr (p?PT onrl pT TV) in thn origin nf DMA - 

25 fragm e nts. BothpSBL ondpLD aro univorool ohloroplaot oxproooion/intogrotion vootoro and ■ 
c an be us e d to transform ohloroplaat genomes of sovcral other plant apcoica (Donicll ct al. * 
19 98) because these flanking aoquonooo aro highly oonaorved among higher plants. The — * 
universal vector uses trrui and tml g e noo (ohloroplast transfer RNAs coding fo r Alanine and — 
b oleucine) from the inverted repeat region of the tobacco chloroplast genome a s flankin g 

30 iicquonooa for homologoug recombination no shown in Figa. 2A and 3B. — Because th e 

l i ni verrifll Y°fftftT int^CTntftFI foreign g ^ n^r yritfiin tht* TmmrtAri P npnrttr^girvn nf thn nMornplnnt > 
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genome, it chould double the copy number of insulin gene s (from 5000 to 10,000 copies per 
c e ll in tobacco) , Furthermore! it hag been d emo ns trated that homop l asmy is anhie . vftfl even 
i n the fir c t round of s e lection in tobaooo probably became of the presence of a chloro p last 
o rigin of roplioation within th e flanking sequence in the universal vector (thereby providing 
5 more tomplatoo for int e gration). B e cause of th e s e and oovoral oth e r reasons, for e ign g e n e 
e xpreggion wag shown to bo much high e r wh e n the universal vector was used instead of the 
tob a cco specific vector (Guda et al., 3000). — 

9 NA s e qu e nce of the polymer - proinsulin fu s ion w as determine d to confirm thf* 
c orroot orientation of gonoo, in frame fusion and lack of stop codon s in the recombin a nt 

10 B NA constructs. — DNA s e quencing was p e rformed using a Perlcin Elmor AB1 prism 373 
PNA aoquonoing system using a ABI Pri s m Dye Termination Cycle Sequencing Kit . T h e 
kit uoos AmpliTaq DNA polym e ras e . Ins e rtion sit e s at both e nds wore soquonood using 
prime rs for each strand. Expre ss ion of all c hloropl a st vector s w a s first teste d in E . co li 
be fore their use in tobacco transformation bec a use o f the simi l arity o f prote i n synthetic 

15 machin e ry (Bris e y e t nL 1 997). For Escherichia coli expression XL - 1 Blue strain was usedi 
& coli was transformed by standard r.ar.l a transformation prnnfirinres — 
E xpr e ssion and Purification of the Biopolymor proin s nlin fu s ion protein; Terrific broth 
gr owth medium was inoculated with 40/U . l of Ampicillin (lOOmg/ml) and 10//1 of tho XL I 
Diuo MKF To strain of E. coli containing pSDL - OOXaPris plasmid. Similar in o cula t ions 

20 -w ere made for pLD QC XaPria and tho negative controls, which included buLh pldMuids 
contai nin g t h ft C ftn ft m ^ revprnp minnti1i"n mrf t h * F n nN nt ^ n ^ rmtv . mit tmy pioctn iH 
Then, 24hr cultures worooontrifugodat 13,000 rpmfor3 min. Thopollota wore roauflpondod 
i n - 500^1 of autoolavod dH?0 and tronoferrod to 6ml Foloon tubo3. The resuspended pelle t * 
wa s sonic a ted, using a High Intensity Ultrasonic proces s or, for 15 sec at an amplitude of 40 

25 a nd then 15 sec on ice to e xtract th e fuoion protein from cells. This sonication cycle was 
r epeated 15 times. The s onicated s amples were transferred to microcentrifuge tube s an d 
c ontrifugod at 4 °C at 10,000g for 10 min to purify the fusion protein* After centrifugation, 
the supern a tant were transferred to microcentrifudge tube s and an equal volume of 2 XTN 
buffer (lOOmM TrioHCI, pH 8, 100 niM NaCl) wao added. Tubc3 wore warmed at 42°C for 

30 2 5 min to induoo biopolym e r aggregation. — Then the fusion protein was recovered by 
c cntrifuging at 2,500 rpm at 4 2 °C for 3 min. Th e r e cov e r e d fusion prot e in wa s resuspended 
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ii HLOQ/^1 of cold water. The purification process w a s repe a ted twice , — A ls o, thfi f i ision 
p rotein wa s recovered by using 6M Guanidine hydrochlorid e phosphate buffer, pH 7.0 
(instead of water), to facilitate stability of insulin; New cultures were incubated for this step 
fo llowing th e som e procedur e as d e scribed above, e xcept that the pSBL QC XaPris 
5 expressing cell s were incubated for 2 4 , 4 8 and 72 hrs ; Culture s were centrifuged at 4 ,000 

rpTTI ff > r 1 ? m i n mid thr pf *1 H WP 0 ^ycp^^H ™ r.nor^rlinft fryHrr^filnrirl Q plinnpVintft 

buffer, pH 7.0, and then sonicated as described above. After s onication, samples were run- 
m-a 1 6.5% Trioin e g e l, transf e rr e d to the nitroc e llulos e membrane, and immunoblotting was ■ 
performed the following day, 

10 A iS% glycine gel was run for 6h at recommended voltag e ao shown in Fig. 1 . Two 

di fferent methods of extraction were u s ed . It was observed that when the sonic extract i s in- 
6M Guonicine Hydrochloride Phosphat e Buff e r, pH7.0, the molecular weight changes from 
i ts original and correct MW 2A lcD to a higher MW of approximately 30 fcDa (Fig. 1C. I). 
T his is prob a bly d ue to the conform a tion that the biopofymer takes under this kind of buffer , 

15 which is used to maximize the extraction of proin s ulirh ■ 

The gel was first stained with 0.3M CuCl 2 and th e n the sam e g e l wag stained - xfr kh 
Gommassie R. - 2S0 Staining Solution for an hour and then de s tained for 1 5 min first, and thea 
o vernight. CuCL cre a te s a negative st a in (Lee et a l. 1 9 8 7) , P o lymer proteins (without 
f usion) appear oa oloor bands against a blu e background in oolor or dork againot a lig ht 

20 a e niiopaquo baolcground (Fig. 1 A). This stain was used because other protein s tains such as 
Gooinassie Blue R2S0 does not stain the polymer protein dug to the lack of aromatic side. 
chains (MoPherson e t al., 1992). Therefore, the observation of the 2 4 kDa protein in R250 
otainod gel (Fig. IB) io duo to tho insulin fusion with the polym e r. Thia obsorvation woa- 
further confinncd by probing thcac blots with the antihuman proinsulin antibody. — As- 

25 a nticipated, tho polymer insulin fuaion protein was observed in wo3torn biota aa afaown in 
Fig. 1C, even though the binding of antibody wa3lo3s efficient (probably duo to oonooalm eBfr 
o f insulin epitop e s by th e polymer). Larger protoin3 ob s erved as shown in Fig. 1C II are 
tetram e r and h e xamer oompl e x e o of proinoulim 

It is evident that the insulin polyor fusion protoino are otable in Ex eoli . Confiim iag- 

30 t hiG observation, recently another lab has shown that th e PBP polym e r prot e in oonjugat e c 
(with thiorodoxin and tondamiatat) undergo thermally reve r sible phase transition, retaining 
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the transition behavior of the fre e polym e r (M e yer and Chikoti, 1999). Th e se r e sulta oloorly - 
d omonotrato that inoulin fuaion hoa not affootod tho inverse tomporaturo transition property 
of the polymer. On e of the conc e rns is th e stability of inoulin at temp e raturoa uood for 
t hermally reversible purification^ Temperature induo e d production of human ingulin haa 
5 b een in comme r cial use (Schmidt ct ah — 1999). Also, the t em p e r ature transition can be 
lo worod by inoroaoing tho ionio gtrcngth of tho solution during purification of this PSP 
( McPh e roon e t al, 1996). Thus, GVGVP fusion could bo us e d to purify o multitud e of 
economically important proteins in a simple inexpensive stop. - 

Biopolymer proin s ulin fusion gone expression in chloroplast; As described in section <* ;■ 
10 pSfiL OC R40XaPri3 vector and pLD - OC " R 4 QXaPrig vectors were bombarded into the 
totr atco chl o roplasts gen o me via particle b o mbardment (Danicll., 19 97^: — PCR was 
p erformed tu e u iiflmi biopolymcr - proinsulin fusion gono integration into chloroplast genome 
The PCR products w e re ojoraiinod in 0.8% agarose gel s . Fig. 2A s hows primers landing sit es- 
a nd expected PCRproduoto. Fig. 2B shows the 1 .6 kbp PCR p roduct, confirming integration 
15 of the aadA gene into th e ohloroploat genome. This 1.6kb p roduct is seen in all clones - 
e xc e pt L9, which is a mutant. We used primcr3 2P and 2M t o eoiifinn integration of both 
t he aadA and biopolymc r" p r oinsulin fusion gene. The 1 .3 kbp p roduct corresponds to the 
nativo ohloroplaot fragment and the 3.5 kbp product corresponds to the chlo r o p last gen o me ■ 
t h a t has integrated all throo gonoo aa shown in Figs. 2C amd D. All the clones examined at 
20 this time show hot e roplaamy, cxcc[t c;pmcs :8d oxn Fog/ 2C, and 341b in Fig. 2D, which 
ohow almoot homoplaamy. 

Protease Xa Digestion of the Biopolyme r- proiu a ulin fusion protein and Purification of - 
P roinsulin! Factor Xa was purchased from New England Biolaba at a concentration of 1 .0 - 
mg/ml. The Factor Xa is supplied in 20iuM IIEPE3, 500inM, NaCl, 2mM CdCl 2 , 50% 

25 glyoerol, (pH 8.0). Tho roaotion woo carried out in a 1 ;1 ratio of fuoion protoin to roaotion 
buifer , The reaction buffer wan mado with 20mM Tria - IICI, 1 OOmM 1 JaCl, 2mM CaCl 2 , (pll 
8 i0)i The e nzymatic oloavago of the fuaion protein to r elease the proinsulin protein Hum th e 
(GWP)^wo3 initiated by adding the proteas e to the pmilitid fusion piuLein al a xaliu (WW) 
of approximat e ly 1,500. Thio digoation was continued fo r 5 days with mild stirring at 4 n C . 

30 Gloavage of th e fusion protein was monitored by ODS^PAGE analysis. After the. cleavage, 
ther samo oonditiona ore uo e d for purification of tho proinsulin prot e in. Th e purification otopo 
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are thB came ac for the purification of the fusion protein^ except that instead of recovering 
t he pellet, t h e sup e rna t an t is saved. We detected cleaved proinsulin in tho oxtraoto ioolatod 
i n 6M guanidinc hydrochlo r ide buffe r as shown in Fig, 1C 1 1 . Conditions can In esliuiizid 
fOfr« complete cleavage . The Xa protease hac be e n cuco e cofully uood to oloavo (GVGVP)^ ■ 
5 03T fusion (MuPheis o n el al. 1 9 92). Therefore, cleavage of p reinsulin from GVGVP using 
the Xa prot e aoo dooo not poao problems. 

V ector for CTB expression in chloropln s tss Th e l e ader sequence (63 bp) of tho nativ e CTB 
g ene (372 b p ) was deleted and a start codon (ATG) introduced at the S 1 end of the remaining* 
CTB gene (309 hp). Primero w e r e d e signed to introduo e n rbo oit e 5 baooo upstr e am of th e 

10 start oodon. The 5 1 primer (38mcr) was dosignod to and on the Qtort codon and the S' - ond of 
t he CTB gene. This piimGi 1 had an Xbal site at the 5 T - ond, tho rba oit e [GGAGG], a 5 bp 
b ieatliing space followed by the first 20 b p of the CTD gene. The 3* primer (32mcr) was- 
d esigned to land on the 3 r end of the CTD gene and it in t roduced restriction sites at t he 3 r end 
to- facilitate subcloraag: — Tho 347 bp rCTB PCR product was subcloned iiitu pCR2? fr 

15 resulting in poCR2.1 rCTB. Tho final 3top was insertion ofrCTD into Oil Xbal site uf Ihe 
universal or tobaooo vootor (pLB - CtV2) that allows the expression of the construct in E. evlt 
a nd chloroplootD. Fiootriotion onaymo digestion of tho pLD LH - rCTB vector with Bamlll 
was performed to confirm the oorroot orientation of the inserted fragment in the veelui. ' 

Booauao of th e similarity of prot e in synthetic machinery^ expre ss ion of the chloropla s t ■ 

20 v e ctor was t e sted in E. coli befor e its use in tobacco transformation* For Escherichia coli 
expression the XL 1 Bluo MRF^ strain was used. E. coli was transfoimcd by standard 
CaCl 2 tronoformation procedur e s. Tranaformod E. coli (2 4 hra culture and 4 8 hra culture in 
100ml TB with lOOmg/ml ompioillin) and untronsformod E. coli (2 4 hra culture and 4 8 hrs 
tmlturo in 100ml TB with 12.5mg/ml tetracycline) was then centrifuged at 10000 xgiaa* 

25 Be okman GS 15Fi o e ntrifiigo for 15 min. Tho pollot wao waahod with 200mM Tri9 CI twice - 
and roouopondod in 500/^1 oxtrnction buffer (200mM Tiis-Cl, pIIO.O, lOOniMNaCl, lOmM 
TSBTA, 2mM PMSF) and then sonicated using the Au tot uue Series High Intensi t y Ultrasonic 
Processor. Then, 100/^1 aliquots of the sonicated transformed and tnitranafoimcd cells 
[ containing -5Q — 100/^g of crude protein extract ao dot e rminod by Bradford protein assay 

30 (DicrRad Inc)] and purified CTD (Gigma C"9903) wire boiled with 2X QDG sample buf f u. 
and ooparat e d on a 15% SDS - PAGE gel in Tris^-gly cine buffer (25iuM Tiis, 250 mM glycine, 
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pII8 .3, 0. 1 % 3D 9). The separated p r otein wag then tranaforrod to a nitroc e llulose membrane- 
by e l e ctro blotting uoing th e Trono Blot Elootrophorctic Transfer Cell (Bio - Rad Ino^. 
Immunoblot d e t e ction of CTB oxpreosion in E. colii Nonspecific antibody reactions were 
blookod by incubation of the membrane iu 25ml uf 5% nun-Ial thy milk in TB S buffei M 
5 1 — 3 hro on a rotary ohalcor (10 rpm), followed by waging in TPS buffe r fo r 5 min. The 
membrane was then incubat e d for an hour with gentle agitation in 30 ml of a 1 :5000 dilu t ion 
o f rabbit anti cholora antis e rum (Sigma C 3063) in TBS with Two e n 20 [TBST] (containing 
t *A n o n - fat dry milk) followed by washing 3 times in TBflT buflei. The membiaue was 
i ncubatod for an hour at room temperature with gentle agitation in 30 ml uf a 1.10000 

10 dil ation of mouse anti-rabbit lgG conjugated with alkaline phosphatas e in TBST. It was t hen 
w aohed thrioo with TBST and onoc with TDD followed by incuba t ion in the Alkalin e 
P hoaphataao Color Development Reagents, BCIP/NDT in AT col o i d e velopm e nt Buffe r 
(Bi o Rad, Inc.) for an hour. — Immunoblot analysis snowa the p r esence of 11,5 kDa r 
p olyp e ptid e for purified bacterial CTB and tronoformed 2AW 4 8h cultures (Fig, 3A, lanes 2, - 

15 3 and 5). The 481i uillme appeals tu LApiiss mui e CTB than that of t he 24U culture 
i ndicating the accumulation of the CTB protein over t ime. The p urified bacterial CTB (45 • 
Kda) diopooiat e d into monomoro (1 1 .5 KDa oaoh) duo to boiling prior to SDS PAGE. These ■ 
r esults indicate that the pLD-LII-CTD vector is expressed in E. coli. — Because uf thi 
sim ilarity of the E. coli protoin oynthotio machinery to that of chlor o plasts, chluiuplast 

20 e xpre ss ion of the above v e ctor should be p ossible. 1 

CTB expres s ion in chloroplasts; A3 described below, pLD-LII-CTD was integra t ed in t o - 
t he tobaooo ohloroplaat gonomc via particle bombardment (Danicll, 1997). PCR analysis 
was performed to confirm chloro p last integration. Fig. 3D shows p r imer landing si t es and ■ 
si m of expected products. PCR analysis of clones obtained after the fiisl luund of selec t i o n 

25 wao carried out as described bolow. PCR products were examined on 0.8% agarose gels. 
The PCR r esults (Fig. 3C) show that clones 1 and 5 that do n o t show any product arc 
mutantc whil e olon e a 2, 3, A, 6, 7, 8, D, 10 and 11 that gave a 1.65 kbp product arc 1 
transgenic. Ab expected, lanes 13 — 1 5 did not give any PCR product, confirming that th e 
P CR roaotion wao not contaminated. Because primers 3P & 3M land on the aadA gene and ' 

30 o n the ohloroploot gonomo, all olonoo that Dhow PCR products have integrated the CTB gene 
a nd the aolootablo mark e r into the ohloroplaat g e nom e . Clon e s that show e d ohloroplac t 



WO 01/72959 



23 



~ PCT/US01/06288 



integ r ation of the CTB gono woro mov e d to the second round of selection to incre a se c o py 
n umbor. PCR anal) T oio of olonoo obtained oftor the oocond round of selection was also 
oarried outi PCPl results shown in Fig. 3D indicate that olono 5 doo3 not give a 3 kb p 
product indioating that it io a mutant as oboerv e d e arli e r. Oth e r olonoo give a strong 3 kbp 
5 product and a faint 1.3 kbp (similar to the 1.3 kbp untranoformod plant produot) produot , 
i ndicating that they a re transgenic but not yet homoplasmici Compl e te honioplaomy oon bo 
a ccompli s hed by s everal more rounds of selection or by germinating s eeds from tr a nsgenic 
plantc on 500 /ig/ml of op e ctinomyoinj 

CTD - Proinsulin Vector Construction; Tho ohloroplaot oxpreaoion v e ctor pLD CTB Proino 
10 wao oonotruotod aa follows. Firgt, both proinoulin and oholora toxin B aubunit gonoo wore 

fimplifiH ^TV ^ i;foKlf= > TVaA primer rpqnpnrflf Prmw 1 mnntninn fhn dCAnd 

ohloroplaot pr e f e rred ribooomo binding sit e five nuoleotideo upotroom of the atart oodon 
(ATG) for the CTB gene and a suitable restriction enzyme site (Spel) for insertion into th e 
ohloroplaot vootor. Primer 2 oliminatoo the atop oodon and adda the firat two amino aoido 

15 of a flexible hingo totrapoptido GFGP ao roportod by Borgorot ot al. (1997), in order- to 
facilitate folding of tho CTB proinoulin fuoion protein. Primer 3 adds the r cmaming tw o 
omino acido for th e hingo totro peptide and oliminatoo tho pro ocquonoe of the pr o - p roinsulini 
Primer 1 addo a auitable restriction site (Spel) for auboloning into the chloro p laat vector . 
Amplifi e d PCFt produoto woro inoortod into the TA cloning vec t or. Doth thi OTP anfr 

20 proinoulin PGR- fragmonta woro oxoiood at the Smal and Xbol restriction sites. Eluto>i 
fragmonto woro ligatod into tho TA oloning vootor. Intorootingly, all white oolonioo ohowod 
th e wrong orientation for CTB insert while three of the five blue colonies examined show ed* 

the right rri^nt^ti^n j**" r^VV* ^rart TVin fTP prmnmiKn frn o mrmt wnra mrn i noA nfr *1w 

CcoIU sites and inserted into BooRl dig e st e d d e phoophorolated pLD vector . P^esultant 
25 on i cropl as t integr a tion expression vector, pLD-CTB Proins will be tested for expression in « 
• E. coli by w e ot e rn blots. After confirmation of expre ss ion of CTB - proin s ulin fii s ion in E , 
ogU^ pLD - CTB Proinc will be bombardod into tobaooo oollo aa doooribod bolow. ■ 
Optimization of fu s ion gene expre ss ion ! — It hao boon reported that for e ign g e n e s ar e 
e x presse d between 5% (crylAC, cryllA) a nd 30% (uldA) in transgenic chloroplacto (Danioll) » 
30 1999). If the expression l e v e lo of tho CTB Proinoulin or polym e r proinoulin fuoionprotoino - 
are low , several approachoc will bo uc e d to onhanoo tranolotion of thoao protci aa: — fer 
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ohloroplast, tranocriptionol regulation of g ^ n e e xpr e ooion io looa important, although oomo 
modulationo by light and dovolopmontal oonditiono aro oboorvod (Cohen and Moyfioldj 
i997). UNA and p rotein stability appear to b e less important because of ob s erv a t i on of l arge 
accumulation of foreign protoino (e.g. GU I S up to 30% of total protoin) and tpol tranooripta 
5 16 , 966 . fold higher than th e highly oxpr e ooing nuoloar tranogonio plants. Chloroplaat gems 
e xpr e ooion io r e gulated to a largo oxtont at tho poot transcriptional lovoL For example, ^ 
UTRa aro uaod for optional translation of chloroplaat mRNAo. Shine D e lgarno (GGAGG) 
DoquoncoD as w e ll ac a otom loop otructur e located 5 ! adjacent to the SB s eque n ce are use d 
fa r e fSoiont tranolation. — A rooont Btudy hao ohown that inoortion of tho pobA 5 ! UTR 

10 downotr e am of th e 16S rRNA promoter enhanc e d translation of a foreign gene (GUS) > 
hundred fold (Eibl ot al. 1999). Therefore, the 85 - bp tobacoo chloroplaat DNA fragment 
(1595 1680) containing 5 f psbA UTR will be amplified using the following prime r s 
e ctttaaaaagccttcoattttctattt, gooatggtaaaatottggtttatta. Thio PGR produot will bo inoortod ■ 
<lQWttstreain of thf 16S rRNA promoter to enhanc e tranolation of tho proinoulin fuoion 

15 ■protrim^ 

Yet another approach for enhancement of tranolation ic to optimise codcra - 
oompooitiono of thooo fuaion protoin. Sinoo both fuoion prot e ins are expressed w e ll in Em 
- coli, we expect e d effici e nt expr e sGion in ohloroplaste. — However, optimizing code&» 
oompooitiono of proinoulin and CTB g e neo to march th e psbA gene could further enhanc e 

20 the level of translation. Although ibiL (RuDisCO) is the most abundant pr o tein on caith, 
it io not tranolatod ao frequently as the pabA gone duo to tho oxtromoly high turnover of tho 
psbA g e ne product. The psbA gene is under s tronger selection for increased translation" 
e ffici e ncy and ia tho moot abundant thylakoid protein. In addition, codon usage in higher 
plant chloroplacte is biased towards the NNC codon of 2 fold d e gen e rat e groupo (i.o. TTC ■■ 

25 ovor TTT, GAC over GAT, CAC over CAT, AAC ove r AAT, ATC over ATT, ATA etc.). 
Thi s is in a ddition to a s trong bi a s tow a r d s T a t thir d p osi t io n of 4-fnlrl rtegrmpratn grnirps . 
There io olao a oontoxt offoot that should bo taken into oonoidoration whil e modifying 

not show this bi a s towardc NNC B (TTT GGA io proforrod to TTC GGA whilo TTC CGT io - 
30 preferred to TTT CGT TTC AGT to TTT AGT and TTC TCT to TTT TCT). In addiliun, 
highly expressed chloroplact genes use GNN more fr e quently than oth e r genes . The w e b oito 
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_ Play "cod nprirmyft rnHftn rnmpnciti'nn hy rnraparmg rh'ffi»rRnt 

Yipeoioo. — Abundanoo of amino aoido in ohloroplaata oan bo talcon into consideration 
^ (p a thw a y s compartmentalized in plastids as oppo s ed to tho s e that arc imported into plastids ). 

5 Ad far ao the biopolymor gon e io oonoorn e d, wo oboorvod inoomploto tranolation 
prnrinrts in p l astids when we expressed th e 130m e r gen e (Guda ot ah 3000). Thorofoirc , 
white expressing the pQlymernprQinsulin fusion prntrin,, rinrrrnsnrl thfi Imgth of thr 
po lymer protein to 4 Qmer, w i thout los ing the thermal responsive property Tn nHrKtinn 

^ptiVnal ^^AfiQ fWf glynin*> (^(^T) cmH mlmr (HTA^ nrliirli nrmrtitntfr ftlWn nf tVifl tntni, 

10 f rmira? avid f ? lb*? pH^m?^ frpy* v^ri . oT1 mip1pQr *»wnnH*»H ^n^c piy^fn^ moi^ up. 
1 4 7/1 000 amino aoida whilo in tobaooo ohloroplaato it ia 1 29/1 000. Highly e xpres s ing genes 
iilco psbA and rboL of tobaooo make up 192 and 190 gly/1000i Therefor e , glycine m a y not ■ 
tee a limiting factor. — Nuoloar gonoo uoo 53/1000 prolin e ao oppoo e d to 42/1000 in 
chloropla s ts , However, currently used oodon for proline (CCG) oan b e modifi e d to CCA or 

15 CCT to further e nhanc e tranolation. It id known that pathways for proline and valine ar e 
a ompartmentalia e d in chloroplasts (Guda ot al. 2000). Alao, proline io known to aooumulato 
i n ohloroplaoto ao an oomoprotootant (Donioll ot al. 199 4 ). ■ 

Bombardm e nt and Reg e neration of Chloropla s t Tran s genic Plants; Tob a cco {NiGotiana 
tahacum var. Petit Havana) and niootino froo odiblo tobaooo (LAMP 6 6 5, gift from Dr. " 

20 ^"oifli Wy^nff Planet T3iW^HiTir>1r>fry) plantc ari* prrvnm aepptiVplly hy frprmirnfinn nf rfl a Hfl 

on M i SO me di um , THis medium cont a ins MS sa lts ( 4,3 g/liter) , BS vit a min mixture (myo 
inositol 100 nig/lifer; t h i a mine-HC l. IQmg/liter ni c o tii u c aci d. 1 mg , /litfiTjpyri d o xi ng . HCL , 

1 mo/lttftr) gnnmcp (^ffc p/lit^r) -mH pV^rtnpnr (fi rjflitnr) nt pTT Vfl Fully ft x pa ii Hral. il^ ii k " 

gr^Ti l^r^cy /%f *aV\/Mit mn-ntli rJH plnntn nrn nnnrl fnMli .i i i tlii ii. l i in ■■ ! 

25 T PQT/p.c nrp p]o^H QV> ? via] ^Ha iip nn a AA/>iatmQn T\Tn 1 filtflr pipflir luring nn tha. 

RMQP mffdhim (Dan i ell, 1993) in Dtandard potri platoa (100x15 mm) for bombardment 
Tungst e n (1 ^m) or Gold (0.6 /im) mioroprojootiloa aro ooatod with plaamid PN A» 

(B io^ Rad) as described by Danioll (1997). Following bombardment, potri platoa ore 3onlc<fr 
30 with parafilm and incubat e d at 31 °C under 13 h photop e riod. Two days after bombardm e nt, * 
■ leaves are chopped into small pi e c e s of ■ 5 mm 2 in oigo and plaood on tho selection modium 
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(RMQP cont a ining 500 /,*g/ml of spectinomycin dihydrochloride) mth abaxial side touching ■ 
th e modium in d e ep (100x25 mm) potri plates ( -< 10 pi e o e o p e r plote) . The regenerat ed 
spectinomycin resistant shoots arc chopped into small pioooo ( 2mm 2 ) and oubolonod into — 
a fresh deep petri plate s (~5 piec es per plate) containing the »me selection mgdivm R esi?tant 
5 ahooto from tho oooond oulturo oyol e arbe transf e rred to th e rooting medium (MSQ mediunv 
auppl e montod with IBA. — 1 mg/litor and apootinomyoin dihydro chloride, 500 mg/litor> . 

^ rwvf^ plfl"^ orA tranQf^rr^^ tn onil ^r>H prmm at ?£°r nr>Hf»r rrnvriminnc lighting rnnrlitinng ■ 
<6nr further analysis- 

i*olymerafio Chain R e action s PGR ic perform e d uoing DNA oolatod from oontrol and 
10 ^t ransgenic plants to distinguish a) tru e ohloroplaot tranofomionta from mutants and b> - 
chloroplast tranGformanto from nucl e ar tranoformanto. Prim e ra for teoting th e pr e oono e »f 

th^ ?\? A A B^T* ( fW ^nn-fWr irp^t7nnmyr-in rerirt^mra) in trnn nrt a nin pnntn nrn IrvnrlnH nn tVif ^ 

aadA coding ooquonoo and 16S rRNA gono (primora 1P&1M.). — To test ohlo r oplasfr 
i ntegr a tion of the insulin gene , one primer l a nd s on the aa dA gene, while anot h er l ands on 

15 tho nativo ohloropiast genom e (primers 3P&3M) as shown in FigSi 2A and 3B . No PGR 
p roduct i s obtained with nuclear tranogonic planto uoing thio oot of primora. Th e primor rfft t 
( 9P & 2 M h in Figo. 2 A and 3B) io uaod to toat intogration of the entire gene cassette without^ 
internal deletion or looping out during homologous recombination. A simila r aUdligji huS 
b een used s uccessfully to confirm chloroplast integration of foreign g e nes (Dani e ll e t al » ^ 

20 i £98; Kota et al, 1999; Guda e t al., 1999). This scr e ening is e Ecential to e liminate mutants * 
-and nuclear fransfegmaato 

Total DNA from unbombardod and tronogonio planto ic isolat e d as describ e d by ■ 
Ed wards et al ,, (1991) to conduct PCP«. ana^rpes in transgenic planto. PGR roaotions an> 
performed in a total volume of SO f * d c ont a ining a pproyimatfr l y 1 0 ng of template DNA And 

25 I of each primor in a mixture of 300 /jM of oaoh dooxymiolootido (dNTFc), 200 mM» 
Trig (pll 6.8), 100 mM KC1, 100 mM (NII^SC^, 20 mM MgS0 4 , 1% Triton X 100, 1 
mg/ml nucl e ao e fr ee BSA and 1 or 2 unita of Taq Plua polymoraoo (Stratngono, La Jolla, 
8A). PCPl io carri e d out in th e P e rlrin Elmor'o GonoAmp PCFi oyatom 2*100, by subjecting ■ 
the samples to 9 4 q C for 5 min and 30 cycles of D 4 9 C for 1 min, 55 Q C fo r 1 .5 min, 72°C fo r 

30 1t 5 or 2 min followod by a 72°C atop for 7 min: — PGR produota ore analysed by ■ 



AVO 01/72959 



27 



—PCT/US01/06288 



electrophor e sis on 0.8% agorooo g e ls. — Chloroplact transgenic plants c ont a ining the 
proinsulin gone aro th e n mov e d to oooond round of sel e ction to aohiovo homoplaomyi ■ 
Southern Blot Analy s i s ; Southern blots arc performed to determine the nopy number of thp 
introduced for e ign g e no por o e ll ao woll ao to toot homoplaomy. There aro aovcral thousand 
5 ee pies of the chloroplast genomo proo e nt in oaoh plant ooll. Therefore, when foreign genctr 
aro inoortod into tho ohloroplaot gonomo, it io pooaiblo that oomo of the chLoroplaat genomeo ■ 
hav e foreign goneo integrat e d whil e others r e main ao tho wild typo (hotoroplnomy) . 
T h e refor e ; to e nsure that only th e trancformed g e nome exicts in c e llo of trancgenic plants - 
( homoplasmy), th e solection proo e oo is oontinuedj To confirm that tho wild type g e nome 

10 dooa not oxiot at tho and of th e s e l e ction cycle, tot a l DMA from transgenic plants shnnlri hp . 
p robed with the chloroplast border (flanking) sequences (the tail trnA fragment^ Fig6 r-3Ar- 
and 3B). If wild typ e g e nom e s aro proo e nt (hetoroplacmy), the native fragment siz e ie » 
observed along with transformed gonomoa. Proaonoo of a lorgo fragmont (duo to inoortion 
o f fo r eign gene s within the flanking sequences) and abaonoo of tho native omall fragment 

15 confirms homoplaamy (Donioll ct al., 1998; Kotu a aL, 1999, Quda lL <il., 1999)T 

Th e copy numb e r of th e int e grat e d g e ne ic determined by establishing homoplaemy 
fo rm th e tranogonio chloroplast gonomo. Tobaooo ohloroplaoto contain 500O - 10,000 copies - 
of thoir gonomo por ooll (Donioll ot nl., 1998). If only a fraotion of tho gonomoa ore actually » 
t r ansformed, tho copy number;, by default, muotbe l e so than 10,000. By e stablishing that in 

20 ti a e trang e nios th e insulin ins e rt e d transformed genome io the only on e present^ one con 
establish that tho copy number is 5000 10,000 por ooll. — This is usually achieved by - 
digesting the total DNA with a suitable restriction enzyme and probing with tho flanking - 

fragm e nt pr e sent in the control should b e aboent in tho trnnogorrioo. Tho abaonoo of natives 
25 fr agmont provoo that only tho tranogonio ohloroplaot gonomo io prooont in tho ooll andthoro 

io no native, untransformed, chloroplast genome, without tho insulin gon e pr e sent. This 

e stablish e s th e homoplasmic naturo of th e trancformanto, cimuhaneouoly, ther e by providing . 

<a n estimate of 5000^10 , 000 copies of th e for e ign gonoo por ooll. 

Total DNA io extracted from loavoo of transformed and wild typo plonto using th e* 
30 CTAD procedur e outlined by Rogoro and B e ndich (1988). Total DNA is digested with ■ 

suitabl e restriction enzymes ^ e lectrophor e oed on 0 . 7% ag a rose gpls and transferre d t o nylon 
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membranes (Micron Separation Inc., Westboro, MA). Proboo oro labolod with 32 P dCTP ■ 
ing the random «pri me rl procedure (Promega) Pre-hybridization and hybridation steps, 
are carried out at 4 2°C for 3 h and 16 h» respectively. Blots are soaked in a solution ■ 

5 oolution for 15 min at room temperaturo. Thon, blots ar e incubated in hybridisation bottle s 
oontaining 0.1X SSC and OiS% SDS colution for 30 min at 37°C followod by another ste p 
aU U 'O n C fui 30 nun, with fetiillL agitaliun. Finally Uutb oil, briefly uiiLiiud in 0.1X fflBC 
solution, driod and oxpogod to X ray film in tho dark* 

' Northern Blot Analysi s 8 Northern bloto ore p e rform e d to t e st th e e fficiency of tranocription ■ 

10 of the pru insulin gene fused with CTB or polym e r genes ■ Tot a l RNA i s i s olate d fr o m 1 50 
mg of froaon loavoD by using tho "Uneasy Plant Total RNA Isolation Kit" (Qiagui hiu., ■ ■ 
Chata worth, CA). RNA (10 ■ 4 0 mg) is donaturod by fonnaldohydo treatment, separated on ■ 
a 1.2% agarose gol in tho pr e s e nc e of formaldehyd e and transferred to a nitrocellulose 
membrane (MSI) a s described in S a mbrook et a l, (1989)> Probe DNA (proinsulin g e n e 

15 coding rogion) is lab e l e d by th e random prim e d m e thod (Prom e ga) with 32 P dCT iootope. ■ 
The blot is pre - hybridigcii, hybridigod and waahod ao dooaribod above for south e rn blot ■■ 
analysis. Tronooript lovolo ore quantifiod by tho Molecular Analyst Program usiug the GO " 
T OO Imaging Dcnsitcmi^tii (DicpRad, Hercules, OA). 
^ Polymer - insulin fusion protein purification*, quantitation and eharootorizntioni Booauoo ' 

20 polymer insulin fuoion proteins exhibit inver s e temper a ture tr a n s iti o n properties as shown ■■ 
ft i Fig&. 1 A and D, thiy ait purified from transgenic p lants essentially following the aamc ■ 
method for polymer purifioation from tronogonio tobaoeo plants (Zhang et al», 199G). - 
How e ver, an additional st e p is introduc e d to tak e advantago of tho oompartm e ntaliaation of ■ 
ih sulin polym e r fusion protein within ohloroplaoto. Chloroplacto are first isolat e d from orudo 

25 hs mogenat e of l e av e s by a simpl e oentrifugation step at ISOOXgi This ohminatoo most of 

tho oollular organelles and proteins (Danicll at aL, 19 8 3, 198 6 ). Then, ehluioyla&La aiibm&l — 
op e n by nrfn i frpi f mri iu E t hflm in n bypntnnir buffor (onmotir* nhftHr) Tl" n n n nirn i -p^nnt ■ 
advantag e b e caus e there are fewer soluble proteins inside chloroplasts when compared to ■ 
hund r eds of soluble protoina in tho cytosol. Polymor oxtraotion buffer oontaino 50 mM Trio 

30 IIC1, pll 7.5, 1% 2 - inuuipluilliaiiul, 5mM EDTA and 2mM PM3F dud 0,0 M NaCl. The — - 
homogonato io thon oontrifugod at 10,000 g for 10 min (1°C), and tho pollot disoardod. Tho * 
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s upernatant is incubated at A2°C for 30 minutes and then contrifuged immediately for 3 
minntf g ^ , 000 g (room temper a ture) . If insulin is found to b e sensitive to this temp e ratur e , 
T| is loworod by inoronaing salt concentration (MoPhoraon ct al., 199 6 ). — Tho p oltot 
oontaining th e insulin polymer fusion prot e in is r e cupp e nd e d in th e e xtraction buffer and 
5 iaoubatod on ioo for 1 0 minuteo. Th e mixtur e ic o e ntrifug e d at 12,000 g for 10 minute (4°G$ * 
Tho oupornatant io thon oollootod and otorod at 30°Ci Tho purifi e d polym e r insulin fusio n 
protein is electrophoresed in a SDS - PAGE gel according to Laemml (1970) and vioualia e d 
b y either staining with 0.3 M CuCl 5 (L e o e t al., 1987) or transferred to nitrocellulose 
mombrano and probed with antiserum raised a g a inst the po l ymer or in s ulin pr o te i n a s , 
10 doooribod bolow. Quantifioation of purified polymer proteins may t h an be carried o ut by ,-, 
donoitomotryi 

After electrophor e sis, prot e inc ar e trancferr e d to a nitroc e llulos e m e mbran e 
elcctropho r cticnlly in 25 niM Tris, 192mM glycine, 59d mothanol (pH 8.3). Tho filtor io » 
b locked with 2% dry milk in Trie - buffered s aline for two hours a t room temper a ture an d 

15 stained with antiserum raised against the polymer AVOVP (kindly provided by the ' 
University of Alabama at Birmingham, monoclonal facility) overnight in 2% dry millc/Trit> 
buffered oalin e . Tho protoin bands roaoting to tho antibodies aro visunliBod using alkalin » 
phoaphatnao linlcod oooondnry antibody and th e substrates nitroblue tetraaolium and 5 ■ 
b f omo 4 ohloro 3 indolyl phoophato (Bio Rad). Alternatively, for inoulin polymor fusion ■ 

20 protiins, a Mouse anti -human proinsulin (IgGl) monoolonal antibody is us e d as a primary 
antibody. To dotoot tho binding of tho primary antibody to tho r e combinant proinoulift^a 
Oudl diili^niuu&c IgG Horseradish Peroxidase Labeled monoclonal aulibudj/ (TITR) i& usid. 
The subs t rate used for conjugation withHPRis 3,3', 5,5 - TolramclhylbonEidino. All products - 
are available from American Qualcx Antibodies, San Clemcntc, CA. As a positive control ? 1 

25 human rooombinant proinsulin from Sigma may be used. — This human luiumbiuanL" 

r 

p roinsulin was ojeprooood in E. coli by a aynth e tio proinaulin gone Quantification of purifiod " 
polymer fusion proteins ic carried out by densitometry using Scanning Analysis software? ■ 
(DioSoft, Pcrgu3on, MO) installed on a Macintosh LC ILL computer (Apple, Ccmiputu, ' 
' Cupertino, USA) with a 1 6 0 - Mb hard disk o p e r ating o n a Sy st em 7.1, connec t ed by SCSI 1 
30 i nterface to a R e lioyo RELI 2112 Scanner (Rolisys, Mil p itas, CA). Total pr otein contents is ■ 
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then rWni mitirtH hy fhm Aya ViinHing irriy ncing ri=>ng/»Titc ciippli^H ir> Vit frn Ptin,T?flH witVf 

bovine 3 arum albumin ao a otandard i » 

Characterization o f CTD expression ! — CTB protoin lovolo in transgenic plant s are ■ 
dotorminod uoing quantitative ELIS A assays. A standard curve is generated using known ■ 
5 concentrations of bacte r ial CTD. A 96 - wcll micro l i t er plate padded with 100 jul/will uf 
baotorial CTB (oonoontrationo in tho rongo of 10 — 1000 ng) is inoubatcd overnight at 4 P C. 
The p late i3 waahod thrice with PDST (phoophatc buffered aalinc containing 0.05% Twocn - 
20). Tho baokground io bloolcod by inoubation in 1% bo vino oorum albumin (BSA) in PBS ■ 
(300 1/ well) at 37 q C for 2 h followod by waohing 3 tim e o with PB ST., The plate ic incubated 

10 nn a 1 ' .6,000 dilution of rabbit onti - cholera toxin antibody (Oigma O3062) (100 a*1/wcI1) fo r 
2 h at 37 9 C, followod by waohing tho wolla throo timoa with POST. Tho plato ia inoubatod ■ 
with a 1 : 80,000 dilution of onti rabbit IgG conjugat e d with alkalin e phoohataoo (100 /dlAvoll) 
fo r 2 h at 37 g C and waahod thrioo with PBST. Thon, 100 p t \ alkalino phoaphataoo oubotrato - 
■ (Sigma Fast p - nitroph e nyl phosphate tabl e t in 5 ml of wator io oddod and tho reaction * 

15 s topped with 1M NaOH (50 jul/woll) whon aboorbonoioo in tho mid rongo of tho titration*" 
roach about 2.0, or after 1 hour, whichever oomoo furat. Tho plato is thon road at 4 05nim 
^hooo rooulta aro uood to genorato a otandard curv e from which concentrations of plant ■ 
prot e in can be extrapolated . Thus, total s oluble plant protein (concentr a tion previews!^ 
dotorminod uaing tho Bradford aooay) in bioorbonato buffer, pH 9.6 (15 nM Na^Co^ 35nilVfr 

20 NaliCQ^) i3 loadod at 100 plant /il/woll and tho aamo proooduro ao abovo oan b e r e p e at e d* 
The abso r bancc values aro uood to dotonnino tho ratio of CTB protoin to total oolubl e plant 
protoin, uaing tho otandard curve g e n e rated previously and the Bradford assay resultSi ■ 
I nheritance of Introducod Foreign G e n es; In initial tob a cco transformants, s ome are 
allowed to oolf pollinat e , wh e r e as others are used in reciprocal crosses with control tobacco » 

25 { t ransgenics a s female a ccept o r s a nd pollen donors; testing for maternal inheritance)* 

' Harvootod ooodo (Tl) are germinated on media containing Bpcctinomycini Achievement of ■ 
homoplaflmy and modo of inh e ritanoo oan bo olaooifiod by looking at gonnination rosulta. '» 
Homoplasmyi3 indicatedby totally green aoodlinga (Danioll ot al., 199 8 ) whil e h e teroplaomy 
- io display e d by vari e gat e d l e av e o (laok of pigmontation, Svab & Maliga, 1993). Lack of ^ 

30 variation in chlorophyll pigmentation among progeny oloo undoroooroo the abs e nc e of* - 
pos i ti o n effect , an artifact of nucl e ar tronoformation. — Matomal inhoritanoo may be > 
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domonotratod by ocio trariDmiooion of introduced gene s vi a s ee d generated on transgenic 
plants, r e gardleoo of poll e n sourc e (gr e en ceedlingc on Detective media) i When transg e nic 
pollen is used for pollination of control pl a nt s., result a nt progeny d oes not contai n resistant 
chemical in selective media (will appear bleached; Svab and Maliga, 1993). Molecular 
5 ft Batyc e o confirms transmission and expression of introduced goneo, and T2 seed ic generated 
f rom thoco confirmed plants by the anafyses described above * 

Comparison of Current Purification with Polymer - ba se d Purification M e thods ; It » 

i mportant to compare purification methods to t e st yield and purity of insulin produced ini?i ^ 

10 j Ugj f ml) overnight and the fusion protoin uipiu^id. Cells arc lioi vmtod by oontrifixgation at 
5000 X g fo r 10 mm at 1 ft C, and the baotoriol poll e to r e ouop e nded in 5 ml/g (wet wfc 
Ba eteria) of 100 mM Tris HQ, pH 7.3. Lysozyme is added at a concentration of 1 mg/mN 
■ and placed on a rotating ohakor at room temp e raturo for 15 min. Tho lyoato io oubjootod to* 
prob e oonioation for two oyoloo of 30 o on/30 o off at 1°C. C e llular debris is removed by^ 

15 ce ntrifugation at 1000 X g for 5 min at 4°C. Inoulin polymor fusion protoin ia purifiod by - 
mverse temperatur e transition properti e s (Daniell et al., 1997). — Alternatively;, the fusion > 
protein ic purified according to Cowley and Maolrin (1997)i The supernatant is retained and - 
s entrifuged a gain at 27000 X g for IS min at A°C to pellet the inclusion bodies, The ^ 
sup e rnatant ic discarded and the p e ll e t r e suspended in 1 ml/g (origin a l wt, Bacteri a ) of dHjQ? 

20 al i quotf d i n to microc e ntrifuge tubes ac 1 ml fractions, and th e n centrifug e d at 1 6000 X g for*- . 
5-min at 1°C. Tho pollots arc individually washed with 1 ml of 100 mM Tris-IICl, pH 8. J, * 
* M uroa, 1 1 Triton X - 100 and again waahcd with 100 nJvl Tria IIC1 pIIO.5, 2 M una, 2% " 
Trinton X 100. Th e pelloto ore reouop e nd e d in 1 ml of dH^O and tronof e rred to a pro ^ 
We ight e d 30 ml Corox oontrifugo tubo. The oomplo io oontrifug e d at 1 5000 X g for 5 min at 

25 4 n C, and the p ellet rcsuspondod in 10 ml/g (wot wt. p e ll e t) of 70% formic a rid , Cyan o gen 
bromide ic added to a final oonoontration of 100 rnM and tho oomplo inoubatod at room » 

l ^pprflfiirft in thf» Harlr fnr 1 £ h The* r P ^tinn ir rtnppnH hy trnnnfnrring thn flftmplft tn n > 

round bottom flask and removing th e solv e nt by rotary evapor a tion a t 5Q°C . The residue i s . 
roouop e nd e d in 20 ml/g (wet wt. p e ll e t) of dHjO» sh e ll frozen in a dry ice ethan e! bath, an d 
30 t h e n lyophiliaed, Th e lyophilia e d protoin io diooolvod in 20 ml/g (wot wt. pollot) of 500 mM » 
Tgia-HCl, pH 8 .2, 7 M urea. Oxidative aulfitolyais io perform e d by adding sodium oulfito 
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and sodium tetrathionatc to final concentrations of 100 and 10 naM, respectively, and , 
i ncubating at room t e mparaturo for 3 hi This reaction is then stopped by freezing on dry i e e . 

P urification and folding of Human Proinsnlins The S sulfonated material i s applied to a ■ ■ 
5 2TnH> ed of Sephadex G 35 equilibrated in 20 mM TrieHCl, pH 8 , 2 , 7 M urea , and then — 
washed wil fa-9 vole of 7 M urea ^ The collected fraction ic then applied to a Pharmacia Mono • 
Q IIR 5/5 column equilibrated in 20 mM Trie - HCl, pH 8i2, 7 M urea at a flow rate of 4* 
mt/inin. A linear gradient leading to final concentration of 0.5 M NaCl ic used to elute th e- 
b o und materiah — 2 min (3 ml) fractions are collected during the gradient^ and proteit» 
10 fionr r ntnitinn in pnrh fm^tinn rif t t a r rn i n°'1 , — Purity and mol e cular maoo of fraotiono aro - 
catimatod by Trioino BBS PAGE (ao ohown in Figi 2), where Tricine i s u s ed a s the trailing 
io n to allow batter recolution of peptides in tho range of 1 ■ 1 000 kDa. Ap p ropriate fraction^ 
are pooled a nd a pplied to a 1 . 6 X 2 0 cm column of Sephadex G «2 5 (superfine) equilibrated .' 
in 5 mM ammonium ao e tat e pH 6.8. Th e campl e io coll e ct e d baood on UV aboorbanoe and * 

15 Th* partially piirifi^H g. g nHVmcitf»H matRri'al ig rPtmrpanHaH in mINrft — 

glycineyMaOH, pH 10.5 at a final concentration of 2 m^/ml. p mu-tdpLUUllmiiUl ll add u d* 

q rtfin of 1 S mrA p/>r mnl nf ^wtPiup ^-pnlfnnotR nnH thfl nnmpln ntirrr > ri nt 4°^ iti nn npr*» 

chrom a tography (PJ-HPLC) using a Tfodao C 4 column (2.2 X 150 mm) oquilibratod in 
20 acetonitrileand0.1% TFA. Adsorb e d p e ptid e s ar e e lut e d with a lin e ar gradi e nt of incr e asing * 
a cetonitrite concentration (0 i S8% per min up to a maximum of 18%). Tho remaining^ 
r efolded proin s ulin are centrifuged at 16Q00 X g to removo inoolublo material, and loadod " 
onto a semi . preparative Vydad Cjj column (10 X 250 mm). Th e bound material ia thon* 
e luted as described above, and th e proinculin oollootod and lyophiligod. » 
25 Analysis and charact e riz a tion of insul i n e xpr e ss ed in E * coli an d T o bacco: The purifie d 

(MALDI TCF) onalyoio (qd deoorib e d by Cowloy and Mnolrin, 1997), uoing proinoulin fro m 
Dli Lill> aj bulh mi iulumal mid Wlltfmul mmidmiL A piuluulyilC digestion i ^ pertnrma tr 
moing Siaphylooooo i w aureus protoaoo V8 to dotormino if tho dioulfido bridgoo hav e form ed 
30 c orr e ctly n a tur a lly inside chloroplasto or by in vitro proo e coing. — Fiv e \x% of both th e ■ 
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350 roM NaPQ 4 pH 7i8. Protoaoo V 8 ic add e d at a ratio of 1:50 (w/w) in e xp e rim e ntal ■ 
samples and no enzyme added to the control s. All s a mple s a re then incub a ted overnight at 
37 g C g the roaotiona otoppod by frooging on dry ioo, and oamploo stor e d at 20°C until 
analyzed . The eamples are analyzed by RP HPLC using a V ydao C 4 column (3.3X150 mm) 
5 equilibrated in 1% ao e tonitrit e and 0.1% TFi'V, Bound mat e rial is then olutod using a linear 
. gra di ent of incre a sing acetonitrile concentration (0 . 88% per min up to a maximum of 48%)i 

CTB^GMI gunglifmrie binding Assay; A GMImVl TSAassayispprfnrmpd^sdpgrrihPfihy 
Arakowa e t al. (1997) to d e termine the affinity of plant - derived CTB for GMl « ganglio s id e» 

10 Tho miorotitor plato io ooatod with monooialogangliooio e GM1 (Sigma G 7611) by 
in cubating the plate with 100 jLtl/well of GM1 (3.0 ^g/ml) in bicarbonate buff e r, pH 9.6 afr 
4 °C ovomight. Alternativ e ly, th e w e llo ar e ooat e d with 100 ^I/w e ll of BSA (3.0 j^g/ml) oo» 
ctmt roL Th e plat e o aro inoubatod with tronoformod plant total soluble protein and bacterial * 
CTB (Sigma C - 9903) in PBQ (100 /zl/wdl) uvuuighl dl 4 n C. The lemaindei of LlK 

15 p rocedure ia thon identical to the ELIQA disuibud abuvu^ 

Mouse feeding a ss ays for CTB ; Thi3 is performed as described by Haq el al. (1995) T 
BALB/omioo, divided into groupB of fivo animalo oaoh, are farted overnight boforo fooding * 
them transformed odiblo tobaooo (that taotoo lileo opinaoh) oxproosing CTB S untransformed ^ 
e diblo tobaooo and purifiod baotorial CTB, Foodingo aro porformod at w ee kly int e rvalo (0 3 ■ 

20 7, 1 4 days) for three wooka. Animals aro observ e d to confirm complete consumption of 
material. On day 20, fecal and scrum aamploo ar e oollooted from oaoh animal for onalj^oio 
of ant^erTOjintibodics. Miee are bled re t ro- o rbitally and the sam p les sto r ed at - 20 Q C un t il ■ 
aooayod — Fooal aamplco are collected and frozen overnight at - 70 Q C, ly o philizcd, 
r e ouop e nd e d in 0.8 ml PBS (pH7.2) containing 0.05% sodium ozido p e r 15 focal pellets, 

25 ccntrifiigcd at 1400xg for 5 man and the supernatant stored at -20 °C until assayed. Sam p les^ 
aro thon oorioUy diluted in PD0 containing 0.05% Twlui-20 (TD3T) dud assayed Ibl and- 1 
CTB IgG in serum and anti-CTD IgA in fceal p ellets by the ELI9A method, as described « 
■ oarlior. " 

30 A s ses s ment of diabetic symptom s in NOD mice: The incidence of diabetic symptoms i s 
oompar e d among mic e f e d with control niootino froo odiblo tobacco and those that express 
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tho CTD proinsulin fuaion p f otoin. Four wook old fomalo NOD mioo aro divided into two 
groupo, e aoh group oonoioting of ton mioo. Baoh group iD fod with oontrol or tronogonio ■ 
odiblo tobQooo (niootino firoo) oxprosaing the CTD proinsulin fusion gone. The feedi ng— 
dooago io dot e rmin e d booed on th e level of oxpr e ooion Starting at 1 0 weoks of ago, tho mio e»- 
5 aro monitor e d on a biw e ekly baoio with urinary gluooo e toot otripo (Cliniotix and Dinotix," 
B ayer) for d e v e lopm e nt of diabotoo. Glyoosurio mice ore bled from the tail vein to check for ^ 
g lycemia u s ing a gluco s e an a lyzer (Accu Check, Boehringer Mannk eig*^ — Diabet e o ifr * 
oe nfurmeri by hyperg l ycemia (> 2 S0 mg/dl) for two consecutive weeks (Ma e t al., 1997). 
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EXTRESSION OF THE NATIVE CHOLERA TOXIN D SUDUNIT GEN B 

AS OLIGOMERS IN TRANSGENIC TODAGCO CIILOROPLAST3 

5 FIELD OF THE INVENTION — 

This invention relat e s to e xpression of native cholera toxin D 3ubunit gene, ar" 
oligom e rs in transg e nic plant chloroplaeto, particularly, in transgenic tobaooo ohloroplaata. ■ 

BACKGROUND - 

10 ■ Pharmacologically important proteins are increa s ingly being expresse d in plants a » 

an economical alternativ e to conventional protoin production methods. Tronagcnic plants 
e xpressing r e combinant prot e ins and biologically aotivo poptid e o ouoh ao vaooinoa, growth * 
f a ctorCj hormones^ monoclonal antibodioo and cngymc3 have been lcpuitcd (1). 

Proteins from different aourooa of a wide range havo boon oxproaood in nuoloar 

15 transgenic plants. Protein accumulation levels of recombinant maymec, like phytase and 
xylanao e w e r e high in nuoloar tronog e nio planto (11% and 1.1% of total soluble tobacco leap - 

to proteolytic degradation. Moirt nuoloar tranagonic plants oxprc33 low levels of recombinant 
pr otein of human, viral or bact e rial origin. Human proteine are expressed at level s ranging 
20 from ao low ao 0.000017% of fr e sh weight (human 0 interferon expr e ssed in tobacco) to a 
high of 0.1% of oolubl e s ee d prot e in (human enkephalin e xpr e ss e d in arabidopsis s e eds, 2). ■ 
Th e Norwalk virus capsid protein expre ss ed in pot a toe s caused oral immnni7atinn when 

prot e in (3) i 

25 

SUMMARY OF THE INVENTION 

Thia invention inoludoo oxproaoion of native chol e ra toxin B subunit g e n e ao 
oligomers in transg e nic tobaooo ohloroplaoto which may bo utilised in oonn e otion with largo 
scale production of purifi e d CTB, ao woll ao an odiblo vaooino if oxpro33od in on edible plant 
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or ao a tranomucopal oarrior of poptidoa to whioh it io fused to cither enhance mucosal 
immunity or to induoo oral tolomnoo of the producto of thooo peptidep. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 fig; I, pLD-LH-CTB vector and PCR an a ly s is of control and ghloropl a st 

t ianafouiiants. — A. The porpondioular dotted lin e ohowc the v e ctor sequences that are*, 
homologous to native ohloroplaot DM A, resulting in homologous recombination and site 
specific integration of the geno cassette into the chloroplast genome. Primer landing site s ■ 
a r c also ahown. B. PCR analysis : 0.8% agarose gel of PCR products using total plant DNA ■ 

10 as template. 1 kb ladder (lone 1); Unt r ansformed p lant (lane 2); PCR p r oducts with DNA — 
t e mplat e from transgenic lines 1-10 (lanco 3 13). 

Fig. 2. Wo3torn blot analysis of CTB expression in E.coli and ohloroplasts. * 

Blots were detected using r abbit anti ^ cholcra scrum as primary antibody and alkaline- 
phosphatase labeled mouse anti - rabbit IgG as aooondary antibody. A. E.coli protein analysis; 

15 Purified bacterial CTB, boiled (lane 1); Unboiled 24 h and 4 0 h ti - ansfomicd (lanes 2 &, 4) — 
and untrauaformcd (lanes 3 & 5) E. coli cell ex t racts. Plant piutein analysis,. B, Cului- 
Development detection: — Boiled, untransformed protein (lane 1); Boil e d, purifi e d C¥B- 

antig e n (lan e 3): — Boil e d, prot e in from 1 diff e r e nt transg e nic lin e G (lan e s 3 6): — C. 

Chomilumincsccnt — detection: Plant protein — Untronsfonnod, unboil e d (lono — 1); 

20 Unt r ansfomicd, boiled (lone 2); Transgenic lines 3 & 7, boilod (lanes 3 & 5), TranQgonio lino — 
3, unboiled (lane 4); Purified CTB antigen boiled (lane 6), unboiled (lane 7); Marker (lane ■ 

Fig. 3l Southern blot analysis of and T\ plants. A. Untransformed an d' 

tmnof ormod ohloroplast genome! Transformed and untransformed plant DNA w as dig e sted * 
25 with Bgin and hybridiaod with the 0.81 kb probe that contain e d the ohloroplaot flanking-* 
sequences uaod for homologous recombination. — Southe r n Blot r esul t s o f To lines (B) " 
Untranoformod plant DNA (lane 1); Transformed lines DN A (lanes 2 - 4 ) and T t lines (C) ■ 
Transformed plant DNA (lanc3 1 ■ 4) and Unt r ansformed p lant DNA (lans 5). — 

Fig. 4. A. Plant phonotypos; 1 ! Confirmed trana genie line 7; 2 : Untransfoiiucd 
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plated on 5Q0mg/L spectinomycin s election medium . 

Fig. 5. A. CTD ELISA quan t ificati o n: AbsorbanceufCTB-aulibudy lunipltfA 

in known oonoontrationD of total oolubl e plant prot e in wao oompar e dto oboorbanc e of known ■ 
5 concentration of b a cterial CTB antibody complex and the amount of CTD was expressed as ■ 
a percentage of the total solubl e plant prot e in. Total oolublo plant protoin from young, * 
mature and old leaveo of transgenic linoo 3 and 7 waa quantified. D. CTDGM tGangli o sidc- 
binding ELISA assays: Plates ooatod first with GM) gonglio9idoo and BSA r e spectiv e ly) 
wore platod with total oolublo plant protoin from lines 3 and 7, untran3 formed plant total ■■ 
10 soluble protoin and purified bacterial CTB and the abgorbanoe of tho GMigangliooido CTB 
antibody oomplon in oaoh ooao waa measured ? 

DETAILED DESCRIPTION — 
Bacterial antigens like the B subunit proteins, CTB and LTB, whioh aro two 
15 ohomionlly, otruoturally and immunologically aimilor candidate vaooino ontigona of 
prokaryotic enterotoxingy have been expressed in plants . CTB ie a candi da te oral submit 
vnooin e for cholera that causes aouto wat e ry diarrho e a by ooloniging th e small intootino and 
producing the enterotoxin, cholera toxin (CT). Cholera toxin iD a h e xamerio AB b prot e in 
oonoioting of one toxio 27 IlDq A oubunit having ADP riboayl tranaforaao activity and a 
20 nontoxic pontamor of 1 1 .6 IcDq B oubunita (CTB) that bindo to tho A oubunit and faoilitatoo 
its entry into tho int e stinal epith e lial o e llo. — CTB wh e n administer e d orally is a potent 
mucosal immunogen; which can neutralise the toxicity of the CT holotoxin by pr e venting 
it from binding to the intestinal c e lls (A). Thio io b e li e v e d to b e a result of it binding to 
cuknryotio ocll surfaces via G M | gangliosidcs, receptors present on the intoatinol opitholt al- 
25 aurface, oliciting a muooGal immune r e gpoMO to pathogens and enhancing the immune 
' roopono e whon ohomioally coupled to othci 1 antigins (5,0). 

Na t ive CTD and LTD genca have boon expressed at low lovola via tho plant nuolouo. 
Sinoo, both CTB and LTB aro AT - rioh oomparod to plant nuclear gonoa, low oxproooion wao 
p r obably duo to a number of factors such as aberrant mRNA splicing, mRNA inatnbility or 
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■ inoffioiont oodon uongo. T u ovoid tlioju undoairablu fuutureo oynthctio "plant optiiiiLxd" 
genec encoding LTB woro oroatod and ujiprcaaod in potato, vcaullhig in potutu mbu& 
^proccingup to 10 30 MB of LTP par gram fl uu k a n ight (7). Ho WIJ¥0r , mrtomm u u u d u u 
modification of gonoa in laboriouo, un pu noivo and ofton not availnblo duo to puiuit ■ 
r e ctriotiono. Ono ofthoooiijoquonocDofthoaooonatitutivolyo^roaaodhigliLTDlc^lj, wuj ■ 

thr stunted growth of trancGdn i c planta that unr mrminnTiy Vy Tir ni r rp c cjfic 

gyproocion in potato tuboro. Tho mmnmum nmnnnt »f r~vn r -~ t ~j n drt r rt rr l i n u iiLi n 
■ induood, nuoloar tranagonio potato loaf tiajuoa was approximately 0.3% of tho total a u lublo ■ 
loaf protein whan tho nativo CTD gono waj fuood to an ond u plaamio rotioulum retention 

trignal, thuo inrgoting tho prot ni n to tho ondnnHrW mtiniliitr, f™- ^ ^ n nnd . 

oooombly (8). — 



nrw d Bi r pr n rrion lovolr o f covoral pmtPW hum w« Yy r - prTr r ing 

f o r o ign protoina hi o lil u i u plaoto of highoi phnta (9 1 1). Hu mnn somat o tropin hop bum 
exproaood in ohloioplaota with jiilIOj o f 700 uf llxc total j.ulubli piuiun (12). Tilt; - 
flrm m nl n tion lovolc of tho Bt CrvSAna nnnrnn in tnw™ »M^ r1 n rtr n rn n D u ^ aa KA 
% of tho total j u luLlt plant protein (1 3). This high Mel o f cxpi^iua L alUibulul lu die 
■ pn tn fiyo chau u i u iiiu^ U 1 f 1 and 0 rf 2 , u , intrnnwi nf r ,.„ ? Ao0 + h „ ^..^ f h -, f m - ,-- h o lp L u 
fnlri fhr protein into o r ryctnllinc? form thwr ir rtihlf ™H r^rinw p.^^ j C £radatioJli 

• ftnnirioo tho ability to oxm-ona nnlvnintrnnn V nt *w n r1 rf lr , tn £ - n n f o] l j 010 p lua 

tr nn ofonnatiou I. jj [ho laol: nf u i cnm^nnt pm^- , ^^^ nTi ]n v o] ]m o f c M oiuu Lm 
■ tn n cgmiioplanto. An thoro in no ohloroploat DNA in pollon of mojt uropa, pollen niuhutuJ 

Sinoo tho tromoriptional and tranolational moohinory of plaotido io prolairyotio in 
o rigin ™d tho N. tabacctim ohloroploot gonomo hao 62.2% AT content, it was likuly that ■ 
25 nativp PTB B eneg would be- cffiri n itlv rrmrrrr-ri in thir nrpnnni w^„+* V n r ad for 00dmi 
m o difiontion. Aloo, uo don oomparioon uf tho CTD genu with pabA, t he major tnuuklioii 
pr o duct of tho ohloroploot, ohowod 17% homology *iili the moat fiunicnt eoduiio uf thu 

y rbA gene, Highfr ojeprooood ploatid gonoa diaplay a eodon adaptation, which ia defmid as 

a bioo toworda a act of cudum which mi uuniplkiiiiitaij/ lu abumUuL LRNAs (16). Cudun — 
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■ analyoic show e d that 31% of tho oodono of CTB ar e complimentary to th e tRNA population 
in tho chloroplasts in comparison with 5 1 % of psbA codons that are complimentary to the 
ohloroplaot tRNA population. 

Alsu, stable, inc orp o r ation of the CTD gene into tho prooiao location b e tween th e trnA - 
5 and trnl gonoo of tho ohloroplaot gonom e by homologous recombination, should elimin a te * 
tho - ' pos i tion effect' frequently ob s erved in nuclear transgenic plant s. This s hould a llow 
uniform oxprooaion lovols in different transgenic linoo. Amplification of tho ■ 
tranog e n e , should r e sult in q high l e vel of CTB gen e e xpression sinoo oooh plant ooll contains — 
up to 50,000 copies of tho plaatid gonomo (17). — Another significant advantage of the 
10 production of CTB in chloropla s ts, is the ability of chlo r oplasts to form disulfide b r idges ' 
(12,18,19) which aro noooaonry for tho correct folding and assembly of the CTD pentamer 

In this study, wo report tho integration of th e CTB g e n e into th e invert e d repeat region » 
of th e tobacco ohloroplaot g e nom e , allowing 2 oopioo / ohloroplast genom e of th e CTB gone — 
15 per cell, resulting in ohloroplaato accumulating high l e vels of CTB. This oliminatoo tho nood 
to modify the CTB gens for optimal expre ss ion in plant s, • 

Con s truction of the Chloroplo s t Expres s ion Vector pLD CTB ! Tho loader sequence (63 ^ 
bp) of tho nativ e CTB g e n e was d e l e ted and a start oodon woo introduc e d at th e 5' end. ^ 
■ ' Primers wore designed to introduce an rbo aito 5 basos upstroam of tho otart oodon. Tho CTB 

20 PCR product was th e n olon e dinto th e multipl e oloning sit e of th e pCR2.1 v e otor (Invitrog e n) — > 
and subacquontly into the ohloroplaat expression vector pLD CtV2 using suitable r e striction — 
sites. Restriction enzyme digestions of the p LD - LII - CTD vector we r e done to c o nfirm the 
co rr ect o r ientation of tho inserted fragmont. 1 

Expression of the pLD ^ LII * CTB vector was tested in E. co//XL - l Blue MRF^ strain - 

25 bifoxc tobacco t ransfoi i uati o n. E. coli was tronoformed by standard CaCl^ transformati o n 
proooduroo. Transform e d E. coli (2 4 and 4 8 hrs culture in 100ml TD with 100 jug/ml 
a mpicillin) and untransformed E. coli (2A and 4 8 hro cultur e in 100 ml TB with 12.5 ptg/ml — 
t e tracyclin e ) wer e centrifiiged for 15 min. Tho pellet obtain e d was wa s hed with 200mM — ■ 
Tris - Ci twice, r esuspended in 500 /A cjaiaiLiuiibuffei (200niM Tiis-Cl, pH — 
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8 , 0 3 lOOmM NaCl, lOmM EDTA; SmlVl PMSF) and oonioatod. To aliquoto of 100 jul — 
transformed a nd mitran s formcd sonicates [contai ni ng 50 - 1QQ of crude protein extract ■ 
as determine d by Br a dford protein-ass a y (Bio - rad)] and purifi e d CTB (100 ngj, Sigma), 3X - 
SDS aomplo buffer wag added. These 3amplc mixtures we r e loadcd - on a 15% sodium 3DS 
5 PAGE gol and olootrophoroood at 200v for <\5 min. in Tris - glycinc buffe r (25mM Tris, 250 

mM glycin e , pH 8.3 , 0.1% SDS). The separated protein was transferred to a nitrocellulose ■ ■ 
membran e by e l e otroblotting at 70v for 90 min. ■ 

-i mmunoblot Analysis of CTB Production in Ei coin Nonopooifio antibody roaotiono wore " 
block e d by incubation of th e membrane in 25 ml of 5% non fat dry milk in TBS buffer for 

10 Shona rotary shak e r (40 rpm) followed by waohing in TBS buffer for 5 min. — Tho- ■ 
membr a ne wa6 incubated for lh in 30 ml of a 1 :5 000 dilution of rabbit onti chol e ra antioorum » 
(Sigma) in TDST (TDS with 0.05% Twccn - 20), containing 1% non fat dry milk, followed 
by washing thrice in TBST» Incubation for an hour at room temperature in 30 ml oi^»— 
1 1 10 3 000 dilution of alkalin e phoahphatas e conjugat e d mouse anti rabbit IgG. (Sigma) in ■ 

15 TBST, waohing thrioo in TEST and onoo with TBS was followed by incubation in the v - 
Alkaline Phoshphatosc Color Develo p ment Reagents, DCIP/NDT in AP col or development ^ 
buffer (Bio Rnd) fo r an hou fr^ 

■ Bombardment and Regeneration of Chloroplast Tran s genic Plants; Fully expand e d, dork — 
green leave s of about two - month old Nicotiana tabacum van Petit havana plants w e r e ■ 

20 placed aboxinl aido up on filter papers in RMO? (21) p e tridioh platoo. Mioroprojootil e p ^ 
c o ated with pLD - LILCl JJ DNA woro bombard e d into th e l e av e s using the biolistic device 
PDSlOQO/IIo (Bio Rad), no described by Danioll (21). Following inoubation at 21 °C in the 
-d ark for two days, th e bombarded l e av e s w e re cut into small (^5 mm 2 ) pieces and placed » 
abaxial sid e up (5 pi e o e s/plato) on goloetion medium (RMOP containing 500 mg/L — 

25 spectinomycin dihydrochloride) . Spectinomycin resistant s hoots obt a ined after about 1 — 3 
months \wm cut into small piece s (^mm 2 ) and placed on the s ame selection medium. 
» PCR Analy s i s ? Total plant DNA from putativo transg e nic and untranoform e d plants wno * 
isolated using tho DNoaoy lot (Qiagon). PCR piimus 3r (J'AAAACCCOTCCTCAGT ^ 
-TCGGATTGC 3') and 3M (5' CCGCGTTGTTTCATC AAG CCTTACGO 1 ) wlic used fui — 
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« PGR on putativo tmnogonio and untrangform e d plant total DNA. Samploa woro oarriod 
through 30 cycl e s using th e following temp e ratur e s e qu e nc e : 94 °C for 1 min, 62 °C for 
1.5minand72°Cfor2min. Cyoloo wore prooodod by donaturation for 5 minat 94°C. PGR 
con finned s ho ots fr o m the s econd s election were transferred to rooting modium (MSO- 
5 medium containing 500 mg/L spectinomycin)i 

Southern Blot Analy s i s ! Ton miorogromg of total plant DNA (isolated using DNoaay lcit) 1 
per s ample were d igested with Bglll, s eparated on a 0 . 7% agarose gel and transf e rr e d to a ■ 
nylon membran e . A Q. 8 kb fragment probe, homologous to the chloropla s t bor d er sequence s,- 
■ was generated when vector DNA was dig e sted with Bglll and DamHI. Hybridization was ■ 
10 performe d u s ing the B^ea d y To Go protocol (Pharmacia) , Southern blot confirmed plants 
wrrr transfrrrrri to p o ts , On fl o wering , see d s obt a ined from T u lines were germinated o h- 
cpectinomycin dihydrochloride - MSQ media and T t se e dlings wer e grown in bottl e s 
obntaining MSQ with spectinomyoin (500 mg/L) for 2 weeks , — The plants were l a ter 
transferred to pots. 

15 We s t e rn Blot Analy s i s of Plant Protein ; Transforme d and untransformed l e a ve s (100 mg) . 
were groun d in liquid nitrogen and recucp e nd e d in 500 jA of extraction buffer (200mM Tri s— 
CI, pIIS.O, 100 mM NnCl, lOmM EDTA, 2 mM PMSF). Leaf e xtracts (100 120 /*g as 
determined by Lowry a s say) were boiled (A min) and unboiled in reducing sample buffer 
(BiuRad) and tdciUuphoiiscd in 12% p o lyacrylamidc gels using the buffer Qyotom of 

20 La e mmli (22). Tho s e parat e d prot e ino w e r e tmnof e rr e d to a nitrooollulooo mombrano by 
olootroblotting at 8 5v for lh. Th e immunoblot dot e otion proc e dur e was similar to that done 
for E. coli biota dc3cribcd ab o ve. Pm the ihtuiilLUiiinusLtfiil dtfltfciluii, die S. Tag™ AP 
Luniiblot kit (Novagon) was uood. ■ 

ELISA Quantification of CTB : Differ e nt conc e ntrations (100 ^1/w e ll) of 100 mg l e av e s 
25 (transformed and untrangformed plants) ground with liqu id nitr o gen a n d resuapen d ed in* 
bicarbonato buff e r, pH 9.6 (15mM No^CO^ 35mM NaHC0 3 ) woro bound to q 96 woll 
■ polyvinyl chloride microliter plate (Costar) overnight at A °d The background was blocked 
with 1% Bovin e s e rum albumin (BSA) in 0.0 1M phoophoto bufforod 3alino (PBS) for 2h at 
37 ° C, washed thrice with washing buffe r , PDST (PDS and 0.05% Twcen 20) and rabbit anti« 
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chol e ra serum dilut e d 1:8,000 in PBST containing 0 t 5% BSA wac a dded and incub a te d for 

2h at 37 °C. The wells we r e washed and incubated with 1:50,000 mouse, anti r abbit IgG « ■ 

alkaline) phoophataoo conjugato in PBST oontaining 0.5% BSi\ for 2h at 37°C. Tho plato 

wac rWplnp^H witVi gmn Foot pKTPP QiiHcfratR (Sigma) frvr mmntpg at rnnm fpmppratiirp a» 

5 nnri ™irtinn nnrlnri by nrlrlitinir nf 1>T >T~' vtT " — 1 p^+— — ™+ An< — — 
CM A Cangliosido Binding Assay: To determine tho affinity of chloropla3t derived CTD fo r ■ ■ 
GM r ganglio s ides, microliter platoo wore ooatod with monoaialoganglioaidc - GMi (Sigma) — 
(3.0 jUg/ml in bioarb. buff e r) and inoubatod at 4 °C overnight Ao a oontrol 3 BSA ■ 
(3.0 /^g/rnl in bicarbi buffer) wac coat e d on som e wello. The vv e lla w e r e bloolcod with 1% — 

10 BSA in PBS fo r 2h at 37°C, washed thrice wi t h washing bu f fer, PBST and incubated with 

Hihitinnq nf trnrtgf^rmpH plant prntRin J nntmn^fnnnpH plant prnfpin find Wt^ri-al PTR in 

PB S . Inoubation of platoo with primary and aooondary antibody dilutions and dotootion woo ■ 
s imilar to the CTB ELISA procedure doooribod above. — 

pLD-LH-CTD vecloi c o nstruction and E. coli expression : The pLD - LII CTB vootor — - 

15 ititeorfttec tVt^ gftn^g nf interact into tfiP iiwM-teH repeat reginng nf the rhWnp1*<rt gmmtlft - 

■ between the trnl and trnA genes. Integration occurs through homologous recombination — 
events between the tml an d trnA chloroplast bor d er sequences of the vector and the . 

'chim e ric aminoglyoooid e 3' ad e nyltranof e raoe (aadA) gene that conf e rs resistance to — 
20 ^ spf^tinnmyrin-strept om yrin and the CTB ge n e do wn s tream of it are d riven by the — 
conotitutiv e promot e r of the rRNA operon (Prrn) a nd tra n scription is termin a te d by the .. 

pcKA^' nntranclatA^ rpgiftn Rin/v» thr prnt^n pjmtVif>rin rmr hinary nf rihlnrnplnntri in nimil ft* 

> to that of E. coli (23), CTB e xproooion of tho pLD LH CTB vootor in E. coli wno tootod. 

^ Western blot analysio of sonicated 2?. ooli whole oell oictrnot ohowod the prooonoo of 1 1 lcDa 

25 1 CTB monomero, oimilar to that obtained when purified commerci all y avai l able CTB was 

treated in the s ame rrmnnrr as s hown in Fig« 2Ai Qligomeric expression of CTB wao not — 
ob s erved in E , coli, as expected, due to the absence of a leader peptide sequen c e pre s ent in — 
« tho native CTB g e n e that dir e oto tho CTB monomor into tho p e riplnomio opao e allowing for — 
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S election and Regeneration of Transgenic Plants! Bombarded leaf pieces when placed 
on aoleotion m e dium oemtinuod to grow but wore blooohod. Groon shoots omorgod from tho 
•part of tho locif in contact with the medium , Five rounds of bombardment (5 l eaves each) 
rflcnltPd i n 68 i n d ependent tran s formation events , Each ouoh tronog e nio lino wag gubjootod 
5 to a second round of ontibiotio aolootion. Theoe putativ e tranoformantc were subjected to 
PCIt analysis to distinguish from nuoloar tranDformanto and muLauU. 
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Determination of Chloroplast Int e gration and Homoplasmy ; — PCR. and Southern — 
hybridization wore used to determine integration of the CTB geno into tho chloroplast — 
gonomo. Primoro, 3P and 3M» designe d to c on firm in c o rp o ration of the , gp.nn cmsf i ttPt into , 
the, chloroplast gonomo woro used to scr e en putativo transgenics initially. Tho primer, 3P,^ 
5 l and e d on the chloroplact genom e outoido of tho ohloroploat flanking sequence used for — 
homologous recombination as shown in Fig. 1 A. The primer, 3M, landed on the aadA gene. — 
No PCR product ohoul d be obtained if f o reign gonoo are integrate d i n to thfi minlrnr gfinomfi . , 
or in mut a nts l a cking the aa dA gen e, The presence of th e 1 ,6kb PCR. produot in 9 of tho 1 0 
putative transgenics scrfrenedj confirmed the sitenspecific integration of the grne cassette into — 
10 the chloroplast genome . Databa s e searches s howed that no random priming took place ac — 
- both th e 3P and 3M primers s howed no homology with other gene sequences — This is 

r>rm firman V>y tVig a V> optima rvF PPT? prnHnrt in imtronrfnmmH plrnitQ (T7ior 1T1) — Similar 
oh, ^ p ^ Uf * m nof*H giion^oofiiny Viy np in nivW tn rnnfirm rVilnrnplnrtt intnornt^rvn nf 

foreign genes (13 f 1 4 »2 4 »2S) B This s creening is essenti a l to eli m inate mutants and nuclear . 

15 tranoformantc and caveo opac e and labor of maintaining hundreds of transgenic lin e c. » ■ 

Soxithcm blot analysi s of three of the PCR positive transgenic lines was done to 
furthor confirm oito op e oifio int e gration and to eotablish copy number, In the chloroplast 
gonomo, BglH sites flank tho chloroplast border sequences 5* of 1 6 S rRNA and 3 ! of the trnA^ 
■ region as shown in Fig. 3 A. A 6.171cb fragment from a tranDformed plant and a 4.47 kb — 

20 ■ fragment from an untransformod plant woro obtained when total plant DNA from — 
transformed and untranaformod plonto was digoot e d with BgHI. Th e blot of th e dig e otod — 
products was probed with a 32 P random primer - labeled 0.81 kb trnl trnA fragment. The 
1 probe hybridised with tho control giving a AA1 kb fragment as expected^ while for the 
transgenic linos a 6. 1 7 leb frogmont was obaorvod, indicating that all plastid genomes had tho 

25 gene cassette inserted between the tail and trnA regions , The ab s ence of a 4 .47 kb fragment 
in transgenic linos indicates that homoplasmy hao boon achieved, to tho detection lovol of 
a Southern blot. These results ex p lain tho high lovola of CTD observed in tronogonio tobaooo 
plantBi Southern blot confirmed plants transf e rred to pots were seen to have no adverse 
pleiotropic effects when compared to untransforme d plant s as s hown in F i g .4 A . So uthern 
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blot aiijdyMj uf T\ plonta in Fig. 3C ahowo that all 4 tranogonio lines analyreri maintaine d 
homoplaomy. 

Iinmunoblot Analyois of Chloroplast S ynthesized CTB i Anti oholcsra toxin antibodies did — 
not show significant cross ^ re a ction with tob a cco plant protein as can be seen in Fig , 3 C, 

5 laneo 1 & 2. Boil e d and unboil e d l e af hornog e nat e s w e re run on 12% SDS PAGE gels> 

Unboil e d ohloroplast synthesized CTB protein a ppeared a? rornpart 4^ kDa oligomers as 

shown in F i g , 2 C, lane 4 s imilar to the unboiled, pentameric bacterial CTB which appear e d 

to have partially dissociated into tcliamcrs, trimcrs and monomers upon s t orage a t A 9 C ovei — * 
a period of eevoral months from Fig. 2C, lanc7. ■ 



WO 01/72959 — PCT/US01/06288 

58 

While heal UcuUucnl ( 4 min. boiling) prior to SDS PAGE of pentam e ric bacterial 
CTD, gave CTD monome r s pr edominantly, with 3omc pr otein in the dimcric and trimorio 
form as shown in Fig. 2C, lone 6, ohloroplast synthesized CTD diaaooiatod into dimoro and — 
trimoT3 only, when subjected to simila r heat trea t ment as in Fig. 2C, lams 3 & J. These — 
5 roaulto or e different from the hoot induced dioaoeiation of pototo plant nucleus synthesized — 
CTB; oligomers into monomers (8). A p robable r eason fo r this stability could be a mo r e — 
stable confo r mati o n o f cblo rop las t synthesized CTD which maybe an added advantage in — 
storag e and administration of edible vaeoinc3. — Leaf homogenates f r om fou r diffe r ent — 
tranagenio plants showod almost similar ex p ression levels of CTD pro t ein (see Fig. 2D). — 
10 This sugges t s very little clonal vaiialiuu uf CTD CApicssioa, as was LOiifimiiil Lilu by 
BIAS A quantification assays. Consistent ex pr ession levels of r ecombinant pr oteins in p lants ■ 
(as obtained for CTB in this research) maybe essential foi piuducliun of edible vaccines in — 
planta r 

ELI S A Quantification of CTB Expression ; Comparison of the absorbancc at 405nm of a m 
15 known amount of bacterial CTD - antibody c o mplex (linear s t andard curve) and thai uf a * 
known concentration of Uansfoimed plant tuial soluble piutein was used Lu estimate CTB » 
expression levels. Optimal dilutions of total soluble p r otein from two transgenic lines w er e * 
loaded in wells of the microliter plate. As spoiled picviously (8), it was ne c e s sa r y t o ■ 
optimise the dilutions of total soluble protein, aa lov e lo of CTB protein detected varied with ^ 
20 the conc e ntration of total aolublo protein, resulting in too high concentra t i o ns of total soluble 
protein inhibiting th e CTB protein from binding to the wells of the plate. Duth T 0 lines 1 
yielded CTB protein l e v e lo ranging between 3.5% to 4. 1 % o f the total sulublc jjiulein (40 ■ 
of cbl o r o p l ast g jmthesiised CTB protein in 1 mg of total oolubl e protein) aa ahown in Fig. * 
5 A. Also, e stimation of CTD protein expression levels from diffe r ent stag03 of leaves ■ — 
25 young, mature and old determined that ma t ure lea - vcs have (he high e st, levels of CTB piolehr 
exp r essi o n. This is in accordance with the results obtained when similar experiments ' wer e 
performed when the Dt C r y2aA2 gene was expressed without the pu t ative chopo r onin genes, — 
but contrary t o r esul t s with t he Dt Cry2aA2 opcron, which showed high oxproaaion levels - 
in oldei leaves, yiubably due lo die mable ciymalllne uuuciuie (13). 
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GM ] Ganglio s idcELI S A Binding Assay s s Both oMoroplaat synthesized and bacterial CTB 
dimonsliated a strong affinity for GM1, - gonglioaides (goo Fig. SB) indicating that - 
ohloroplast synthesized CTD conserved the antigenic sites neecssary for binding uf llxu CTB- 
p entamcr to the p entasaccharide GMJ. The CM! binding ability also suggests pr ope r folding 
5 t) f CTD m o lecules r esulting in the pentamcrie structure. Sinoo oxidation of oyDt e ine reoidu e o 
in the B subunits ig a proroquioito for in vivo formation of CTB pentamers (2D), proper 

folding is a further confirmation of the ability of chloroplaats to form disulfide bonds. 

High levels uf expression of CTD in transgenic tobaooo did not affoot growth rateC ) 
flowering o r seed setting as has been observed in this labo r atory, unlike prcvioualy reported 
10 for the syn t hetic LTD gene, eonsti t utivcly exp r essed via the nuclea r genome (7). 
Transformed plant seedlings were green in color while transformed seedlings lacking the 
aadA g e ne were bl e ached whi t e as sh o wn in Fig. 4D when ge r minated on antibiotic medium. 

The p otential use of this technology is thrcc - fold. While, it can be used for large scale 
15 piudmliuju uf purified CTD, it can also be used as an edible vaccine if expressed in an odiblo 
plant or a3 a tran3mucosal carrier of peptides to which it is fu s ed to, so as to either onhonoo 
mucosal immunity or to induce oral tolerance to the products of these peptides (5). Large- 
Goale production of purified CTB in bacteria involves the use of cxpcn&ive fuiiucuUiliuu 
techniques and stringent purification protoools (26) moking thio q prohibitively expensive 
20 technology for developing countries. The co s t of producing tkg of recombinant protein in 
■ t r ansgenic c r ops has been estimated to be 50 times lower than the cost of p roducing the same 
amount by E. colt fermentation, assuming that riiumbinant piuleiu is 20% uf total E.uolt 
protein (27). Thus, isolation and lysis of CTD producing ckloroplasts fr o m chloroplast ' 
tronof orm e d plonto could oorvo ao a coot offootivo moano of maoo produotion of purified CT-Sr 
25 " If used as an edible vaccine, a selectiuii bekeuie eliminating die use uf antibiutii icsistaiit 
genes 3hould be developed. One such scheme uses t he bc t aine aldehyde dchydogenas e 
(DADH) gone, which converts toxic botaine aldehyde to nontoxic glycine botnino, an 
oemoprotoctant (28). Also, scveial utlim ' 
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-s trategics have been pro p osed to eliminate antibi o tic ' rcsistant genes fr o m tr ansgenic plants 
-(29*- 

Tranogonio potato plants that aynthosiao a CTD- insulin fusion protein at levels of up 
Lu 0.1% uf the total soluble tuber protein have been found to show a aubotantial r e duotion 
5 in pancr e atic iol e t inflammation and a delay in the progression of clinical diabetes (30). This 
may prove to be an effective clinical approach for prevention of opontanooua autoimmuno 
diabetes. Since, increased CTD e ?gpr ession levels have been sh o wn to be achievable via the 
ohloroplast g e nom e through this research, expression of a CTB - proinsulin fusion protein in 
the chloroplaoto of ediblo tobaooo (LAMB) is currently being tested in our labmaioi y . While 
10 existing expression levels of CTD via the chloropla3t genome arc adequate for commercial - 
exploitation, levels can be increased fuithcr (Abou t 10 fold) by insertion of a jjuUlive 
chapcronin, as in the ca s e of the Dt Cry2aA2 opc r on, (13) which likely aids in the 
oubooquont purification of recombinant CTB due to crystallization. » 
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Fignrc7: A, D) reducing gola. limorkora, 2:Tranagcq ;c , 
■ oxtraot ahowing oKprocoion of light (A) and heavy chain 
(B) in chloroplasts, 3 ; Untran s f o rme . d, 4- Hnmfin IgA 

ti c ti c ct c d with AP rnnjng- 1 ^ nnH h " ni n " '" » p p ? 

antibody. Blot B vyaa detected with AP conjugated g o at 
anti human IgA antibody. — 
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d etecti o n v/rth r abbit anti - ch o lera scrum (l n ) .and A P 
l abeled — rntmse — anti - rabbit — igG — f2°) — antibodies . 
Untransformsd, boiledQ) and unbo i l e d (3); Tranofonnod, 
b o iled (3&S) and unb o iled (4),Pmi0u] CTB builtd (fl)aud 1 
tm boUtfd (7), Mdikm (5). ft 

-i HS A Nuclear tran s formation of potato plants -. 
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figure 8 : ff'c r few ; of tiausgciue pul atu uibeib, uv T 
^ eairee. 30 \ls> of t ubci pioteiu wtu, iuaded pel lane aud^ 
PH j bcd witli diiLHIDA mlibudj. I. wild type, 2, 40 ngTrf 
pure — USA; — 3-O.difc r enl tiangeriic — tines; — showing 
■ ^diffe r ent levels o f exp r essi o n. - 



• ' Exui e ssi o n of IISA by chloropla gj 
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-Figure 9; Frequency histogram including parcentage, 
^ Kennebe c and D e sir ee transgenic plants expre ss ing 
VOhTerMrt USA l e vels , "Results are , shnwn as the 
^paF Oontogca of tranagonio piant3 (vorticol a\ia) that 

J D Xpr 033 Q Cpn o ifj o I nVfll fff HRA ftf th^ frM ~ o] rnliiV|1 ft 

^ rotoin (honaontal axis) .. 
Codon composition and expression Icv ete 




oxtraota. l ! 50 ng puro HSA; 2: molacular w e igh 
3: pLDKSA (control without RBS); 4 : 
PLD 5'UTRHSAi 5 i pLD - F.BS « H S Ai 6 : pLP - 
QRFl^ HSAj 7 ; & ooli with o ut pLD v ec to r. 



morlcor; 3: 



Table, 1 : Unmodifiod nativ e co d on c o mp o sition and expre s s i on 
luvih o baenrod in tranogonio ohloroplaotoi See coction d) for » 



dctftfla of AT oontont, S^pob/^ opti mal oodono and 



of oodono - 

tnai mamii die up tRNA po o l. TSP.' 9( > total solubl e protein 
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> in transgenic chloropla s ts 
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Transgenic I eaf Arjft 



Qry£Aa2 

Oporon E xpr a as toa- 
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Tran s g e nic L ea f A ga 




jr| ^ii r ^ 1 - ^ry?A prntpin ronrpntraftnn Hptprminpd hy HTTSA' .'in ^aperon. 
fr mnogonio loav e o. "Mots 100 - fold in c r ea s e in pr o tein amirmifatinn in 
» *Ho pvcacncx o f the putative chaperon in, ORT2. * 



FiClir° ? -TTi m ..nn e n>H lahplrH ptftrtrnn mrrrnffrnpif 
O^iTiatnr? ^nc^nir Ip.af Try?. An? rrygtak m fl_ 

transfignic — chloroplast — fvprpssing — the — cry2A 



of a email (22aa) rjeptido in tran s genic chlorop l a s t s. 




Untranaf o rmcd 

ffiguro 3 i Loaves wore infected with 10 pi o f 0x1 0 s , 

.3^104 jtvin3 an H Rvl^rpllQ nfP prr/wg/TP PhOtntt 




wore Token 5 days after inoculation. — I>2 ng 
antimicrobial peptide (AftfTT) ta r equi r ed t o kill 1000 
■bacterial cells. — Looal oonoontration at the atto of 



Figure 1. Tctal r 1ortt " p™ 1- "'" Wfl<! mivpH writhe pi nf Tniii 



log phas e bacteria from ov e rnight culture, incubated f o r 2 



hourc at 25°C at 125rpm and grown in LB broth overnight. 
7 Baised on minimum inh i b i tory oonoontrauun of 1 2 ag 
AMP/1000 baotoriol oo l lo, tho oKproao i on level wm 



ttftalculolcd to bo 2 1 .5 4394 of th e total s olubl e protein . 
Erereaaion of Oligomcric form (disulfide bonded) CTB in tran sgenic chloroplasts. 




t r ansgen i c l ino 3 tranogonio lino 7 



Figur e 5: A) CTB EL1SA quatif i cation is shown as o poroontago of tho total solublo plont prot e in. Tmn ^ohi feje- 
p lan t pro tein fr om yumig, maluic. and uld leaves of tr ansgeuie lines 3 and 7 quantified. D) CTD - GMl 
GmiglkiMiU; binding EX1SA amy*. Plates lulled fust with OM1 ganglioaido a and BSA woro platod with total 
' Soluble plan t pro tein from line s 3 and 7, mitrajisfui ' mcd plan t to tal s o luble protoin and punfied baot e nal CTB. The. 
Aitm bauce o r the GM1 gangl i o3idc - CTD antibody oomplox woo measured -. 
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PRODUCTION OF IIUMAN GERUM ALBUMIN 

— IN TRANSGENIC TODA €ee 

5 FIELD Or TIIE INVENTION 

Thi s invention relat e s to produotion of high value phonnQOOUtiool protoina in nuclea r 
tranogonic plants, particularly to production of human serum albumin in transgenic tobacc o . - 

BACKQROUiro 

10 TJiimrm rnnim ^IVmmin (R<3 A ) ic a Tnrmnrnprir fllnhiilar prntem rnnOT sting nf a singly generally 

vnonglycosylated^ polypeptide chain of 585 amino aoido (66.5 KDa and 1 7 dioulfido bonda) with no ■ 
p ostradiational modifications. It is compoaod of three atruoturally oimilar globular domainc and th e ■■ 
disulfides o r o positioned in r epeated 3orios of trine loo p link loop atruoturca centered around oigh fr— 
sequential Cys Cys pairs. USA io initially oynthooiaod as pre - pro - a l hum in by thg liver and re . lftnsfid , 

15 from tide ondoplaamatic rotioulum after romoval of the ominotorminal propeptide of 1 8 amino aoido . 
rThopro albuniiniDfurthc^procossedinthoGolgicom p lcx whe r e thcothe r 6 amin o fcmiinal residues 
of the propeptide ore oloavod by a serine proteinase (1), Thia reaulta in the aoorotion of tho mature 
polypeptide of 5 8 5 amino acids . HSA is e nooded by two oodominant autooomio allolio gonoo. HSA 
bolongs to the multigcnc family of pr oteins that include al p ha - fcto pr otcin and human group "Specific 

20 oomponcnt (Gc) o r vitamin D - binding family. HSA facilitates transfer uf many ligauds across organ 
circulatory interfaces such as in the liver, intestine, kidney and brain. In addition to blood plasma, 
serum albumin is also f o und in tissues. II3A aucouulh foi about 60% uf lit e total piotcin in bluod 
scrum. The concen tr ation of albumin is 4 0 mg/ml in the serum of human adu tesr* 

25 Medical a p plica t i o ns of HSA: The p rima r y f unc t ion o f USA is the maintenance of colloid osmotic 
■ prooouro (COP) within the blood vessels. Ita abundance mokes it an important determinan t of t h e— 
plia r maeokine t ie behavior o f many drugs. Reduixd synthesis of IIBA can be dm to advanced livu 
disease, im p ai r ed intestinal abso rp tion of mitiimis oi poor nutritional intake. Increased albumin 
Ioodoo oan bo duo to lddnoy diseaseo (inorooaod glomerular perm e ability to maoromolecul e D in th e 

30 nephrotic B3fndrome) t int e stinal dio e aooo (protein loaing ente r opathies) or wmdaliyfc akin dismdus 
(burns). Catabolic sta t es such as chronic infecti o ns, sepsis, surgery, into3tinnl rooootion, trauma or 
ext e noiv e bumG oan also oauo e hypodbumin e mia. HSA io uc e d in therapy ofblood volum e dioord e rs^ 
1 for oxomplo posthaomorrhagio acute hypovoloomia or oxtonsivo buras 3 treatment of dehydration 
otatcfi) and also for cirrhotic? and h e patio illnesses. It is also used a3 an addi t ive in p erfusion liquid fo r 

35 ■ extracorporeal circulation, IIS A is used clinieally for replacing blood v o lume, but also has a variety 



WO 01/72959- PCT/US01/06288 

69 



of non th e rap e utic us e s, including ito rol e og a stabiliser in formulations for oth e r therapeutic proteins i- 
IISAisaatabiligc r forbiologicalmaim^ standards and ■ 

rof e rono e mat e rialo. Furthermore, HSA io frequently used as an experimental antigen, a ecll - eultu r e - 
oonotituont and a otandord in clinical ch e mistry teste . * 

5 

Expression systems for HSA ; The eKpr e coion and purification of recombinTmt HSA from various 
micro organiomo hao boon reported previously (2 6). Saccharoj i vyces ccrevisiae has been used to 
produce HSA both intrao e llulary, requiring donnturation and refolding prior to analysis (7), and by 
accr e tion (8). Soorotod HSA wao oquivalont otruoturolly, but th e recombinant product had low e r 

10 level s of expression (recovery) and structural heterogeneity compar e d to the blood deriv e d prot e in » 
(9). HSA was also ex pr essed in Khcyveromyccs lactiQ, a yoaot with - good s e cr e tary prop e rties 

achieving 1 g/lite r in fed batch cultures (1 0). Ohtani ct al (1 1) develo p ed a IIG A e xpr ession system 

using Pichia pastoris and established a purification method obtaining recombinant protein with similar 
■ levels of puri t y and piopci t ica as the human pr o tein. In Bacillus subtilis, HQ A coulJ be secre t ed — 

15 using bacterial signal p e p tides ( 4 ). IIS A pr oduction in E. colt was successful but r equired additional 

in viti^o proooooing with trypoin to yield the maturo protein (3). Gijinona ot at. (12) expressed IIGA k 

1 in transgenic putalu dud lubdicu plants. Fusiun of II3A to the plant PR ' S prcscqucncc resul t ed in 
cleavage of the prcscquence at its natural site and Accretion of correctly processed 1 13 A, thai was * 
indis t inguishable fr o m the authentic human pro t ein. The e Ajjiessiun was 0.0 14% uf Hie lulal aulabltf 9 

20 s pro t ein. However, none o f these methods have been exploited c o mmercially. 

Challenges in commercial production of DBA s — Albumin is cu rr en t ly obtained by pr ot ein - 
fractionation from plasma and io the world'o moot ' iiood intrav e nous prot e in, e ctimated at around 50Q i 
m e tric tono per year. Albumin is typically administered by intravenous iujcctiuii uf sululiuim ^ 
25 containing of albumin. The average doaago of albumin for each patient varies between 20 -4 0 - 
^ grams/dayi The oonoumption of albumin io around 700 lcilogroma per million habitants p e r yeai 1 . In 1 
■■ addition to high cost, HSA hao th e riolc of tronomitting diaooaoo ao with other blood - derivative * 
products. The p r ice of albumin is about $3.7/g. Thus, the uidikel uf this piuUriii approximately * 

omountfi to Q.7 billion dollaro per year in U S A. Booauao of th e high ooot of albumin, oynthe&e 

30 macromolscule s (like dextrans) arc u s ed to increase plasma colloidosmotic pre ss ure . ■ 

Commercial USA ia mainly prepared from human plasma. This source hardly meets the * 
requirements of the world market. Th e availability of human p lasma is limited and caicful heat * 
tr e atm e nt of the produotpreparedmuot b e p e rform e d to avoid pot e ntial contamination of th e product » 
■ by hopatitifl, HIV and othe r viruses. The c o sts of IIGA ex t racti o n fro m bl oo d arc very high. * 
35 ■ Innovative production systems ore noodod to moot tho demands of the largo albumin market with a - 
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9Qfo produot at a low oost Plant biotechnology 7 offora the p romise of obtaining safe and chea p 
proteins to be mod to troat human dioooaooi 

Chlwoplast genetic engineerin g : — When we devel o ped the conce pt o f chluiupla&i genetic 
5 engineering (134 4 ), it was possible to in t roduce isolated in t ac t chlo r o p loata in to pro to pla&t& and 
r egenerate t r ansgenic plants (15). Therefo r e, early inves t iga t ions o n chl o roplasl trausfonnaiiuii 
focused o n die development of in organelle* syst e ms using intact chluiuplasts capabl e uf e fficient and 
pr o l o nged transcription and translation (1 6 1 8 ) and expression of foreign genes in iaolatod 
chlc i iuplasts (19). However, after the discuvuy o f the gene gun as a transformation dc vice (20), il 

10 was pussible tu Udiisfmni plant chluiuplasts wilhunt Qm use uf isulated plastids and piuluplaam. 
Chluiuplast gen e tic e ngiueeiiug was aceuiiipUsUed in several phases. Tiansientc^piesbiunuffuieigii ' 
gonoo in plaatids of dicots (21,22) was fulluwed by such studies in niunueuts (23). Unique 10 the 
chl o i q plas t genetic engineering is the devdupnient of a f o reign gene cxpressiun system using 
autonomously icplicating chluiuplast c^picssiuu veotuis (21). Stable integration of a selectable 

15 morkor geno into tho tobaooo ohloroplaat gonomo (2 4 ) was also accomplished using the gene gun. ■ 
Huwevei, useful genes cunfeiiing valuable baits via chluiuplast genetic engineeiing have been 
d e inunbtiated only rec e ntly. For e xampl e , plants resistant to D.t. sensi t ive inscets we r e o btained by 
intograting tho wylic gen e into the tubaccu ciduioplast genuine (25). Plants resistant to B.t. ' 
r oaiatant inaccts (u p to 40,000 fold) w er e o b t ained by hypei-cxpi ession uf the u y2A g e ne w illihi tlie 

20 tobacco chloioplast genome (26). Plants have als o been g e netically engineered via th e chluiuplast 
1 genuin e to confci h c ibicidc resistance and the in t roduced f or eign gene s we r e maternally inherited, 
uveicuiuing the piublexn uf uut-ciuss with weeds (27). Chluiuplast genetiu engineeiing technulugy 
h> cmicndy being applied to utUei useful crupa (14,28). ' 

25 Investigations lu piugiess. — A lemaikable feat me uf chluiuplast g e netic engineering is the 
o bservation of exceptionally large accumulation of foreign protoinfl in transgenic planta, ao muoh aa 
46% of CRY prutein in total soluble protein, even In bleached old leaves (29, aee a r retted repon Be 
Cooa ot al. 2001). Stable oppression of a p harmaceutical pr otein in chl o roplasts was first lepuited 
fui QVQVP, a piutcin based pulyuiei with vailed medical applications (such as t he prevention uf 

30 pusl-smgical adhesiuns and scais, wuund cuveiings, aitificidl peiicaidia, tissue licuubtmcliun and 
piugiammcd thug d c liveiy (30)). — Subsequ e n t ly, c^pi c ssiun uf the hunian somatotiupin via the 
tubaccu chluiuplast genuine (31) to high levels ( 7 % O f tota l S61UB15 ftfOteiii'J Wfrs 6bserved lhe 
fullu wing inves ti gat i ons that arc in pj ngj ess in our laboiatuiy illustrate the p o wer o f this t echnolog y 
to cxp r caa small peptides, en t ire upciuns, vaccines that icquiic uliguniciic yiut e ius wilh stable 

35 disulfide biidg e s and inunuclunals thai require assembly of heavy/light chains via chap e iunhn>, ' 
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Engineering novel pathways via t he chloroplast genome: In plant and animal culls, umlcai 
mRN Ao are tronolatod monocistronioally. This po3Q3 a serious p roblem when cngiuciMiug multiple 
gonoo in plonta (32). Therefore, to express the p olyhy d roxybuiyiaie pulymei ui Guy \ 13 aiilibody a 
single genes were first introduced into individual transgenic plants. Thai, th e se plants were bdLk- 
5 crossed to reconstitute the entire pathway or the oomploto protein (33,3 1). Similarly, in a aov e n y e ar 
long effort, Ye e l al. (22) rec e ntly inti educ e d a se t of t hree g e nes for a short biosyn t hetic pathway ■ 
-that result e d in ft-carotene ex pr ession in rice. In contrast, most chloroplaat genes of higher plants ore - 
euUauAeiibcd (32). — Expression of p olycistrons via the chloroplast genome provides a unique — 
opportunity to express entire pathways in a single iMm formation event. Wi have ideally us ed Lht; 

10 BullIIus thai ingiunsis (D t ) c;y2Aa2 o p cron as a model system to demonstrate opcron expre s sion and ' r 
cry slal formation via the chloroplast gonomo (29). Oy2Aa2ioth e diotal gonoofathroo gonooporon. 
The ^^immediately upstream of ciy2 Aa2 codes for a putative ohapcronin that facilitatca the folding — 
uf t7^2Aa2 (and ullrer yiut c irib) to foiin pr o tcoly t ically stable cutoidal ci,ysLal& (35). 1 

Therefore, the ciy2As2 bacterial opc r on was ex p ressed in tobacc o chloroplasls lu test the - 

IS resultant transg e nic plants for increao e d expression and improv e d p e raiotonoo of tho aooumulatod ■ 
- Hiscotioidal protein(a). Stable fo r eign gone integration was confirmed by PCR and Southern blut ■ 
analyoio in and T^ transgenic plants. Cty2jta2 o p e r on derived prulcin accumulated dl 45.3% uf — 
tho total oolublo protoin in mature loaves and remained stable even la old bleached leaves (46. 1 %)(aee 
figur e numb e r 4 in altached articl e Be Gosa et al. 200 1 , 2 9 ). This is t he highes t level of fur eign gene — 

20 e xpr e ssion ov e r reported in tronog e nio plontq. Exooodingly difficult to control insects (10«day old ■ 
cotton bollwomi, boctanny w u im) were killed 1 00% after consuming transgenic leaves. Elec tro n * 
miorographa ohowed the prooence of tho inscotioidol protein folded into cuboidal crystals simila r in 
shape to Cry>2Aa2 crystals observed in Bacillus thuringieiiaia (ace figure number 6 in attached article ■ 
Be Cosaetal. 2001,29). 

25 In contrast to currently marketed transgenic planta with soluble CRY proteins, folded 

pi otoxin crystals arc processed only by target insects that have alkaline gut pll. This appi uach shu uld ■ 
improve aafoty of Bt transgenic plants. — Aboonoo of inoootioidal proteins in transgenic pollen 
eliminates toxicity to non - target inflects via pollen. In addition to these environmentally friendly 
approaohoG, this observation should o e rve ao a model system for large acalo production of foreign — 

30 pr o teins within ehlo r o p la s ts in a folded configuration enhancing their stability and facilitating single 

step p urification. This is the first demonstration of expression of a bacterial o p e r on in t r ansgenic — 
p lants and open s the door to engineer nov e l pathways in plants in a singl e transformation ev e nt. - 

Expressing small peptides via the chloroplast genome; It is common knowl e dge that tho medical — 
35 community haa boon fighting a vigorous battle against drug r e sistant pathog e nio bact e ria for y e ars. — 
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Catkmic antibacterial pe p tides from mammaLs, amphibiong and insects have gainod moro attention 
over the last decade (3 6 ). Key features of these cationio peptides are a not positive charge, on affinity 
for negatively - charged prolcaryotic membrane phospholipids over neutral charg e d e ukoryotio 
membranes and the ability to form aggregates that diorupt th e bacterial membrane (3? )i — 
5 — Ther e are throe maj or peptidoa with a helical structur e s, o e oropin fromHyalophoracooropia 
(giant oillc moth), magainina from Xenopus lacvis (African frog) and dofonoino from mammalian 
iiiAiliupliils. Magainin and its analogues have boon studiod as a broad speotrum topical agent» a 
GyGt e mto antibiotic; a wound healing stimulant; and an anticancer agent (38). We have recently 
observed that a synthetio lytic peptide (MSI 99, 22 amino acids) eon b e Buooooafully oxprossod in 

10 tobacco chloroplaot (39). Th e peptid e r e tain e d its lytio activity againct th e phytopathog e nio bact e ria 
Ps e udomenas syringae and multidrug resistant human pathog e n, Pseudomonas aeruginosa. Th e 
an t imicrobial peptide (AMP) used in this study was an amphi p athic alpha - helix molecule that has an ■ 
affinity for negatively charged phospholipids commonly found in the outer m e mbran e of baot e ria. 
Upon contact with thoso membranes, individual poptidoo aggrogato to form por e c in th e 

15 membrane, r e oulting in baot e rial lysis. B e oauo e of th e oono e ntration dependent action of the AMP, 
it was expressed via the chloroplast genome to aooomplish high doso delivery at tho point of infection. 
PCR products and Southern blots confirmed ohlo r oplast integration of tho foreign gonoo a nd- 
homoplasmy. Growth and development of the transgenic plants was unaffcctcdbyhypcr - cxprcssion 
o f t he AMP within chlo r o p lasts. In vitro assays with T 0 and T x p lants confirmed that the AMP was 

20 express e d at high l e v e ls (21.5 to A 3% of th e total solubl e prot e in) and r e tain e d biological activity 
against Pseudomonas syringae, a major plant pathogen. In situ assays resulted in intense areas of 
nec r osis around the p oint of infection in control leaves, while transformed leave s showed no signs 
of necrosis (200 - 800 |ig of AMP at the site of infection) as shown in Fig. 1 . Tj in vitro assays again st- 
Psaudomonas aeruginosa (a multi drug r e sistant human pathog e n) displayed a 96% inhibition el- 

25 growth as s hown in Fig , 2 , The s e results give a n e w option in the battle again s t phytop a thogenic and 
■ drug rooiotant human pathogenic bacteria. — Small peptides (like insulin) arc degraded in most 
organisms. However, stability of this AMP in chloroplasts opens up thi s comportment for expres s ion 
of hormones and other email peptides. 

30 Expre ss ion of cholera toxin p subunit oligomers a s a vaccine in chloroplasts ; Vibrio ckolcrac, 
which causes acute watery diar r hea by colonizing the small intestine and producing the cntcrotoxin, 
chulcia lujiiii (CT). Cholera t oxin is a hcxamcric AD 5 protein consisting of one toxio 27kDo A 
subunit having ADP ribooyl transf e rase activity and a nontoxic p e ntamer of 1 1.6 kDa B oubunitc 
(CTD) that binds t o the A subunit and facilitates its entry into tho intestinal epith e lial c e llo. CTB 

35 when administered orally ( 4 0) is a potent muoocal immunogen which can nentralizft the , tminity of 
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' the CT holotoxin by preventing it from binding to tho intestinal cells ( 4 1). Thia is believed to be a - 
result of it binding to oukoiyotio ooll surfaooo vio th e G M1 gangliosidos, r e ceptors proaont on tho 
inteatinal epithelial aurfaoo, thuo olioiting a mucosal immuno response to pathogens ( 4 2) and — 
e nhancing the immune response when chemically coupled to oth B r ontig e nG (4 3 46). 
5 Chol e ra toxin (CTB) has previously been expressed in nuclear transgenic plants at levels of 

0.01 (loavoo) t° 0.3% (tuboro) of tho total oolublo prot e in. To inoroaoo o?rproooion lovela, w e 
engineered the chloroplost gonome to express the CTB gene ( 4 7). We observed expression of — 

oligomeric CTB at levels of A 5% of total solubl e plant protein 03 3hown in Fig. 3A. PGR and 

South e rn Blot analysoo confirmed otablo int e gration of the CTB gene into the chloro p last genome, 

10 Western blot analysis showed that transgenic chloroplaat ex pr essed CTB was antigcnically identical — 
* to commercially available purified CTB antigen as s hown in Fig . 4, Also, G Mi - ganglio s ide binding 
■ assays confirm that ohloroplast synthesized CTB binds to the int e stinal membrane roooptor of oholcm 
toxin a s s hown in Fig. 3B. Transgenic tobacco plants were morphologically indiatinguiahablo from 
untranoformod planto and tho introduced gono was found to be 3tably inherited in the subsequent 

15 generation as confirmed by PCR and Southern Blot analyses. The inc r eased p r oduction of an 

efficient tranamuooaal carrier mol e oulo and delivery oyot e m, lik e CTB, in ohloroplaata of plonta mak e s — 
plant baaed oral vaooinca and fuaion protoino with CTB needing oral adminiatration, a much more — 
feasible approach. This also establishes unequivocally that chlo r o p lasts a r e capable of forming — 
disulfide bridges to assemble fo r eign proteins. — 

20 

Expre ss ion and assembly of monoelonals in transgenic chloroplasts : Dental caries (cavi t ies) im- 
probably tho moat proval e nt dio e ac e of humankind. Colonization of t ee th by S. mutant* io th e oingl e — 
most important risk factor in th e d e v e lopment of d e ntal oari e G. S. mutans is a non motile, gram 
p ositive coccus. It colonizes tooth surfaces and synth e siz e s gluoans (insolubl e polysaccharide) asd — 

25 fruotans from sucrose using the enzymes glucosyltran s fcrase and fructosyltran s ferase respectively — 
(48). The gluuoib play au important role by allowing tho baotorium to adh e re to the smooth tooth — 
surfaces. After its adherence, the bacterium foments sucrose and produces lactic acid. Lactic acid ■ 
diGOolv e o th e min e rals of th e tooth, producing a cavity. 

A topical monoclonal antibody therapy to prevent adherence of S. mutans to teeth has - 

30 rooontly boon d e veloped. Tho incidence of cariogenic bac t eria (in humans and auimalb) and denial " 
oarioa (in animals) waa dramatically roduood for periods of up to two y e ars after the oeGPQtion of th e 
antibody therapy. No advers e e ventc w e r e d e tected either in th e oxposod animals or in human ' 
voluntee r s ( 4 9). The annual liquircnicnt fo r this antibody in the US alone may eventually exceed 1 
metric ton. Therefore, this antibody wao express e d via the ohloroplaot g e nom e to achi e v e high e r 

35 levels of expression and p r ope r folding (SO). The integration of antibody gene s into tho ohloroplast 
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genome waa confirmed by PCR and Southern blot anolyaia. The ex pr ession of both heavy and ligh t 
chains woo confirmed by western blot analysis under reducing conditions as shown in Figs. 5 A and — 
B, The expression of fully assembled antibody was confirm e d by western blot analysis under non — 
reducing oonditiona as shown in Fig. SC. This is the first report o f success f ul assembly uf a iiiulLi- ■ 
5 subunit human protein in trons genie chloroplast3. Production of monoclonal antibodies at agricultural — 
level should r educe their cost and create new applications of monoclonal antibodioa. — 

S ignificance : Medical molecular phamiing in tran s genic plants has been reviewed recently (51). 
Since th e d e mand for cheap and aafc sources of HSA is expected to inc r ease considerably in the 

10 coming years, it would be wise to ensure that in the future this protein will be available in significan tly- 
larger amounts, preferably on a C03t - cffcctivc baais. Because most genes can be ex pr essed in many 
different systems, it is essential to determine which syst e m off e rs th e moot advantag e s for th e 
manufacture of the recombinant protein. — The ideal expression oyat e m io one that produces a 
maximum amount of safe, biologically active material at a minimum cost. The use uf luudified 

15 mammalian colls with recombinant DNA toohniqueo hoc th e advantag e of resulting in products whioh 

are closely r elated to those of natu r al origin. However, culturing these cells is intricate and can only — 

be ca rr ied out an limited scale. 

The use of microorganisms such as baotoria permito manufacture on a larger ooalo, but 
introduces the disadvantage of p r oducing products, whioh differ appreciably from tho products of 

20 na t ural origin. For example, p r oteins that arc usually glycosylated in humans arc not glyoooylntod by 
bacteria, Furth e rmore, human protoino that aro expressed at high levels in E. coli frequently acquire 
an unna t ural c o nfo r mation, accompanied by intracellular precipitation due to lack of proper folding 
and dioulfido bridg e o. Production of recombinant proteins in plants has many potential advantages 
for generating biopharmaceuticals r e levant to clinical medicine. Those inoludo tho following: (i) plant — 

25 s ystems are more economical than industrial facilities using fermentation oyotoma; (ii) technology is * 
availabl e for harv e sting and processing plants/ plant produotc on a largo oonle; (iii) elimination of tho 
purification requir e m e nt when tho plant tissu e containing tho recombinant protoin is used as a food — 
(edible vaccines) ; (iv) plants can be directed to target proteins into stable, intracellular oompnrtmoirt fr 
aa chloroplasta, or expr e ss e d directly in ohloroplasts; (v) the amount of recombinant product that can — 

30 bo produood approaches industrial 3oalc levcla; and (vi) health risks due to contamination with — 

p otential human pathogens/toxins arc minimized. 

■ It has been estimated that one tobacco plant should be able to p r oduce more recombinant ■ 
protoin than a 300 liter formontcr of E. coli. Tn addition, a tobacco plant produces a million seeds, 
facilitating large - scale production. Tobacco is also an ideal choice becaus e of its r e lativ e ooao of * 

35 gen e tio manipulation and an impending need to explore alternate uses for this hazardous cro p . 



WO 01/72959 



75 



PCT/US01/06288 



Howev e r, with the exception of enzym e s ( e ig. phytase)» levels of foreign proteins produced in nuclear 
transgenic plants ore gen e rally low, mostly loss than 1% of the total 3olublo protein (52). May ot al. 
(53) discuss thic problem using th e following e xampl e s. Although plant derived rooombinant hopatitis 
D surface antigen was as effective as a commercial recombinant vaooin e , th e l e v e lo of expr e ssion in 
5 transgenic tobacco woro low (0.0066% of total soluble protein). Even though N o i w alL v ix us uaphid 
pr o tein expressed in potatoes caus e d oral immunisation when consumed as food (edible vaccin e ), 
expression levels wero low (0.3% of total soluble protein ) . In particular, expression - uf human 
proteins in nuclear transgenic plants hag been - disappointingly low: e .g. human Interf e ron ft 
0 .0000 1 1% of fr esh weight, human scrum albumin 0.02% and ciythr op oie t in - 9K)02 6 % - oftotal s o luble 

10 prot e in (ooo Tablol in rof. 52). A synthet i c gene coding f o Hhc human^pidcritml ^ xnvtii - fa e t o r was 
expressed only up to 0.001% of total soluble protein in transgenic tobacco (53). 

Th e cost of producing rooombinant proteins in alfalfa - loaves was- e stimatod to be 12 " fold 
lower than in potato tube r s and com p arable wifh -8 ccds - (52 )r "Howcvci ^ *obacco leaves arc much 
larger and havo much higher biomass than alfalfa. The ooot of production of r e combinant prot e ins ■ 

15 will bo 50 - fold lower than that of E.coli fonnontation (with 20% oxprooaion lev e ls, 52). A d e or e ns e . 
in inoulin expression from 20% to 5% of biomass doublcd - th e co s t of produc t ion (54). Exproooion 
level less than 1% of total soluble protein in plants has be e n foun d to be not oommoroially foosiblo 
(52). Th e r e for e , it io important to increase - levels of expression of rocombinnnt - protcins in plants to 
exploit plant production of pharmacologically important proteins. — 

20 An alternate approach is to express foreign proteins in ohloroplasts of higher plants. Wo have 

recently integrat e d foreign goneo (up to 1 0,000 oopiea per c e ll) i nto the tobaooo chloroplast genome 
resulting in accumulation of recombinant proteins up to 4 6% of the total cellular protein (29). . 
Chloroplast transformation utiliflos two flanking sequences that, through homologous recombination, 
insert foreign DNA into the spacer region between the functional genes of the chloroplast genome, 

25 thus targ e ting the for e ign g e nes to a precise location. This eliminates the "position effect" and gene , 
silonoing frequently observed in nuoloar transgenic plant3. Chloroplast genetic engineering is an 
environmentally friendly approach, minimizing oono e ms of out - cross of introduced traits via pollen 
to weeds or other crops. — Most importantly, a significant advantage in the production of 
pharmaceutical proteins in chloroplasts is their ability to process eukaryotic proteins, including folding 

30 and formation of disulfido bridg e s (55). Chop e ronin prot e ins are present in ohloroplasts (56,57) that 
function in folding and aDoombly of prolearyotio/eukaryotio proteins. Also, proteins are activated by 
■ disulfide bond oxido/reduction cycles using the ohloroplast - foiorcdoxin system (58) or ohloroplast 
protein disulfide icomontso (59). Accumulation of fully assembled, diaulfidu bonded fomi of human 
somatotropin via ohloroplast transformation (31) and oligom e rio form of CTB (AT) and ass e mbly of 

35 heavy and light chains of humanized Guy's 13 antibody in transgenic chlo r oplasts (50) provide strong 
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e vid e no e for suooeoafiil proo e saing of pharmaceutical proteins insid e ohloroplacto. Such folding and 
assembly should eliminate the need for highly oxponoivo in vitro prococcing of pharmaceutical 
pr oteins. Fo r exam p le, 6 0% of the total operating cost in - the production - of human inoulin is 
associated with in vitro processing {formation - of diaufidc bridges and - cloavag e of metbionino)(5 4 ). 

5 

Tak e n tog e ther, low l e v e lo of e xproaoion ofhuman protoino in nuclear transgenio plants, and 
difficulty in folding, as3ombly/prooogsing of humon proteins in E.coli ohould make ehloroplasts an 
ideal compartment for expression of recombinant - protei n s : — Production of human proteins in 
-fr ansgenio ohloroplnats - also <3rnroati e olly - lowor s4 ho production ooGt. Large ooalo production of 
10 human scrum albumin in plants is a powerful a ppr oach to provide safe tr eatment t o patients at an 
offordablo cost and provide tobacco formers alternate uses for this hazardous c r o p . The r efore, it 
would be highly advontageouo to provid e for e xpression of human serum albumin in transgenic 
tob ac co chloroplasts to increase levels of expr e ssion and accomplish in vivo processus 

15 SUMMARY OF T1IE INVEfrHION 

This invention synthesizes high value pharmaceutical protoins in nuclear transgenic plants by 
ohloroplaot expression for pharmaceutical protein production. Chlo r o p lasts o r e suitable for this 
purpose because of their ability to p rocess oukaryotio protoins, inoluding folding and foi ' niatiun uf 
disulfide b r idges, the r eby eliminating the need for expensive post - purification processing. Tobacco 

20 is an idoal choice for this purpose because of its large biomass^ ease of scale-up (million seeds per 
plant) and genetic manipulation. — We use poly(GVGVP) as a fusi o n pr o tein to enable hypei- 
expr e ooion ofhuman serum albumin and accomplish rapid one stop purification of fusion peptides 
u t ilizing the inv e rs e tempe r a t ure transi t ion pr o perties of this p olyme r . We als o use human serum 
albumin - CTB fusion protein in chloroplasts of nicotine free edible tobacco (LAMB 605) fui uial 

25 delivery to NOD mice. 

DIUEF DESCRIPTION OT DRAWIN03 
Fig. 1 ohowo a pair of photographs of leaves infected with 10 pt\ of 8x1 0 5 , SxlQ 4 , 8x10^ and ' 
8 x1 0 2 cclto of/ 7 , syringac, token 5 days after inoculation. 
30 Fig. 2 is a g r aph of abso r b ancc of 6 00 n m of total plant p rotein mixed with 5 ix\ o f mid - log 

ph a se bacteria from overnight culture, inoubatod for two hours at 25 °C at 1 25 rp m and giu wu in LB 
broth overnight. 

Fig. 3 A is a graph of CTB ELISA quantification 3hown a3 percentage , of the total soluble 
plant protein , 

35 Fig. 3D is a giapb uf CTB^-GMl ganglioside binding ELISA oaoay of platoo ooatod firot with 
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GM1 gangliosidcs and BS A we r e plated with total soluble p lant pr otein. 

• Fig. 4 is a photog r aph of a 12% reducing PAGE of ex p ression o f CTD o ligomers. 

Figs. 5A and D show photographs of reducing gel s of expre s sion and assembly of disulfide 
bond e d Guy'o 13 monoclonal antibody. 
5 Fig. 5C is a p hotogra p h of a non - reducing gel. » 

Fig. 6 io a photograph of a Western Blot of e xpression of HSA via nuclear g e nome in potato; 

Fig. 7 is a pair of fr e qusnoy histograms including peroontag e Kenn e bec and Dcsiroo transg e nic 
plants expr e ssing different HSA l e velo. — 
10 Fig. 8 is a pho t og r aph of a West e rn Blot of expression of H S A by ohloroplat vectors in A 

coli: — 

Fig. 9 is a photog r a p h of a Western Blot of expression of USA via chloroplast genome in 
tobaooo. 

Fig. 10A is a ma p of the pLD chlo r o p last transformation vector and primer landing sites. — 
15 Fig. 10D is a p hotogra p h of an Aga r ose gel containing PCR products using total plant DNA 

ao t e mplat e from transformed pi ante, 

DETAILED DESCRIPTION 

Expression of HSA via nuclear genome in potato! Recently, our collaborators in Spain cloned the 

20 human HSA oDNA from human livor cells and fii9od the patatin promoter (whose expres s ion is tube r ■ 
spooifio (60)) along with th e l e ad e r s e quenc e of PIN II (proteinase II inhibitor potato transit peptide - 
that directs HSA to the apoplaot (61)). Loaf dices of Dooiroo and Konnoboo potato plants were, 
transformed using Agrobaoterium tumcfaeiens. A total of 98 transgenic Dcsirec clones and 30 
■ Kennob e o clones wore tostod by FCR and western blots. Western blots showed that the recombinant 

25 albumin (rHSA) had been properly oleav e d by the proteinase n inhibitor transit poptido in Fig. 6> 
Expression l e v e lo of both oultivara woro vory different among all trans genie clones as expected as 
s hown in Fig. 7> probably because of position effects and gene silencing ( 6 2,63). The jjupuldliuu 
. distribution was similar in both oultivars: th e maj ority of transgenic clones showed expres s ion levels '' 
between 0.0 4 and 0.06% of rHSA in the total soluble protein. The maximum r ecombinant IIDA 

30 amount expressed was 0i2%, Between one and five T DNA ino e rtion&por totraploid genome we r e 
observed in the s e clones. Plants with higher protein expr e ssion wor e always olonca with seve r al 
copie s ofthe HSA gens, Levels ofmRNA were analyzed by Northern blots. There was a correlatio n 
but w ibii transcript lovob and iroambinaDtdbiimin -Q coumu la tion in tran s g e nic tubers. Th&N - tcrminal 
sequence showed pr op er ol o a va gc o f th e tran s it peptide and the amino - termin al sequence between 

35 recombinant and human HSA -was-i d e ntica l^-hi hibitio n of p a tatin expr e ss i on using the 1 aiiliseuse 
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technology did not improve the amount of rllSA Avomgo ex pr ession level among 29 anti sense 
t r ansgenic plants was 0.032% of total solub l e pr otein , , w ith a ma x imum expression nf 0 1% The 
maximum HS A expression level observed woo 5 10 times more than that reported by Sijmons et al. 
(12). However, highe r levels arc needed to moke plant derived HSA production commercially 
5 fcaaiblo. 

' Chloroplast expre ss ion of HS Ai Wo have also initiated transformation of the tobacco chloroplast 

■ genome for hyperexpression of HSA, which is a new technology that has reported the highe st- 
e xpression l e v e ls in plants (29). The HSA oodon composition is advantageous fo r chloroplas t 

10 expression and no changes in the nucleotide sequence wore needed. pLD vecto r was used fo r all t he - 
constructs. We designed several vectors to optimize HSA expression. All these oontain ATG as the 

■ first amino acid of the mature protoin, 

l*- RDg»ATG-II0A : The fi r st vector includes th e gene that codes for the mature HSA plus an 

■ additional ATG as a tr ansla t ion initiation codun. We included the ATO in une of the primers uf the 
15 1 PGR, 5 nucl e otid e s, downstream of t he uhloioplast preferred RB3 sequenc e OGAGG. The cDNA 

sequence of the mature USA was used a s template. The PCR p r oduct was cloned into PCR 2.1 
vector, excised as an EooRI NotI Hutment and introduced into tho pLD vecto r. 

2 - SUTRpsbA - ATG - HSA : The 200 bp tobacco ohlorooloot DNA fragment containing the 5' P9bA 
*JTR (untranslat e d region) was amplified using PCR and tobacc o DNA as tem p late. The fragme nt 

20 woo olonod into PCR 2.1 vootor, excised EooRI Nool fragment woo inserted at the Nool site of the 
ATG-HSA and finally inserted inl u t he p LD vec t or as an EcoRI - Notl fragment downstream of tho 
103 rRNA pr o m o te r to enhance t r anslation of tho protoin. — 

3- BtORFl f 2-ATO-IISA . ORF1 and ORF2 uf the Bt C; v2Au2 upex u n w e r e amplified in a PCR" 
using the oomploto oporon as a template. The-fragmcnt was cloned in to PGR 2.1 vului, e Aiised as; 

25 an EcoRI - EcoRV fr agmuit, iii&u t ed - at - EcoRV - site whhlhrATe-iiSA-sequeneirand ' iiilrodueed int o 
the p LD vector as an EooRI - Nofel - fiagmcnt. The ORF1 and OR F2 w e n fu&ul upstiumii uf Hie ATG 11 
HSA. 

4- BtORFl I 2-5TJTRpsbA ^ATO-IIQA . The S'UTR p sbA was introduced in tho v e otor number 3 
- upstream of the HSA in tho EcoRV Nool cit e ^ 

30 Ex pr ession of ohloroplast vectors woo first t e ot e d in E.ooli befor e their u s e in tobacg Q 

transformation booauoo of tho similarity of p rotein synthetic machinery (64). Different lovcta tf£ , 
oxproosion wer e obtain e d in E. evti de p ending on tho oonotruot as shown in Fig. 8. Using tho pobA 
-5 1 UTR and tho ORE 1 and QRF2 of the cry2Aa3 oporon, wo obtained higher lovols of expr e ssion than - 
using only the RBS i W e obsorvod in pr e vious e xp e riments that HSA in E, ooli is oomplotoly 

35 inoolublo, probably duo to an i mpr op er f olding resulting fr o m th e aba o noo of disulfide bonds . This 
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ie the re a son why the protein is precipitated in the gel a s s hown in Fig . 8 ■ Different p o lypepfiHp sizes 

■ woro obo e rvod, probably duo to inoomploto tronolation. Aoourning that Ei coli and chloroplaet h a ve 
similar protoin synthesis machinery, ono oould oxpoot different lovola of expr e ssion in tronGgonio - 

■ tobacco chloroplasts depending on th e regulatory s equ e nces, with the a dvantage that d i sul firl f» hnnrls . 
5 ore formed in ohloroplaota (31). Tho30 four vootoro wor e bombnrdod into tobaGco leaves via particle » 

< bombardm e nt (65) and after 1 woolcoomallohooto app e ared as a result of independent transformation 
events . They all were4:e fi tedby - BCR - to ch o Gk4ntefflatiQn4n4fa& . GhlQroplast genome a s shown in Figs . 
10 A and B. Th e pooitivo clon o o woro tranaforrod to poto. Trancgonio l e av e s analysed by western 

blptC T^wH ^Tff^nt Welc nfWpr^ceirm rUpenr^ng nn tVif> V region ngp^ in tVtft transfrnrnfltinn 

10 vector. Maximum lovolo woro obaorvod in tho plonto tranoformod with the HS A preceded by the S t ■ 
UTR of the psbA geno as shown in Fig. 9. Quantification of the HS A and molooular onalyGio of thooo 
transformants are in progre ss, 

1) Evaluation of ehloroplast gono expre ss ion! — A oyst e matio approach to identify an d,. 

15 fl i vfrrrorng potential l imitat i on s of foreign gene expr e ccion in ohloroplaoto of tranogonio planto is 
QGGontial. Information gained in this otudy should inor -e as e- th e utility of chloroplaet transformation 
sy s tem by scientists interested in expressing o th er f or e ign prot e ins. Therefore, it ic impor taftt4e» 
■ systematically analyze transcription, RNA abundance, RNA stability, mto of protoin oynthoois and 
■ d e gradation^ prop e r folding a nd activity T- For-cxampk 5 - the rat e - of tran s cription of t h e introdncgd 

20 IIS A gone will be comporod with the highly expressing endogenous ohloroploot g e nes (rbcL, pcbA 5 
1 GS rRNA), using run on trangcri p tiar h assays - to^eteim^ is o perating as i ■ 

oxpootod. Tranogonio ohloroplast containing oaoh of tho constructs with different 5 1 rogiono (ooo ■ 
preliminary ctudi e o) will b e inv o otigated to toot their tranooription efficiency. Similarly, trnnqgone 
RNA lovola will bo monitorod by northerns ? dot - bl e ts and primor extension rolativo to ondogonouo 

25 ibiL, 103 iRNA ur p sbA. These r esults, along with run on - transeription - assays, -s hould provi d e * 
valuablo information of RNA stability, preeosfling ^- eto r- With - ouppa s t oxperionoo in ojeproooion of 
seve r al fo r ci gn genes, RNA appears to be extremely stable based on northern blot onnlyoio. Ho w e vor ^ 

■ a systematic ctudy would b e valuablo - to - advance utility -e f - 4fais - sy9tcm - by othor aoiontiota. Moat ■ 
importantly ; the efficien c y oforanslation will be tested in-isolated chloroplast s- aadcompared with the 

30 highly translated ohloroplaotpretoin^psbA^rP^ if tranclation a l ■ 

pausing, pr e matur e terminal on -ooout-St— Evaluation- oE-peroent-Rj^A loaded on polysome s or in ■ 
oonotructG with or withwt ^ ^J C ERfl will holp^oiQiminotii^effioieQey-of^eribosome binding site and - 
5' stem loop txanfilati e na l-e nhaDBora. - In our rcoent-oxporionoo; w o o boewod - ft ' S - QQ - f e ld - difforonoo in 
■ acoumulation of foreign protoin3 du o to deoreases - ini^i^teolysw - oonfo g f e d - by - a putativ e ohap e ronin 

35 (29). Thoroforo, protoino from " OonstniotsH»cpreo s ingor - not e xpres s ing th^utative^hapero n in (with 
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or without ORF R2) should provide * valuable information onprotoin otabilityi Thuo^ this information 
will b e need to improv e the noxt generation of ohloroplaot vootofft 

°) 1?Y r** Qg "" T1 * U ° T«cifii^Q pr-ntoir.. ET<2 A ic a jyto prnt a in flint in nl a mr a ^ in th a M tarmir . nl , 

5 to cecrete the mature protein. — T he c odon -f o r translation initiation is in the pre s equence . In 
ohloroplaoto, th e n e oeooity of e xproooing th oH mtwo protein introduooo thio additionakmiino acid in * 
■ th e coding ooquonoe. Th e ooqu e noo of the matur e prot e in io firot aubolonod boginnin g^ with an ATG * 
to optimise e xpr e ssion l e velOi Subs e quent immunological papaya in mice or e porformod with th» < 
protein t o inve s tigate if th e cxtra-methionme oan Gauge immunogenie response or low bioactivity. ■ 
10 ■ Alt e rnativ e ly, diff e r e nt Gyotomo eon produoo the maturo protein. Thooo oyot e mQ oan inolud e the *" 
oynthc3ia of a pr otein fused to a pcpti t fe^aH^k avednnteaeel lu l a i y^ ehloroplaat 
-e naymoa or the use of chemical o r cnsy matrecfeav agc - aftcr pt^ of proteins from plant 

< oolla. ' 

15 - U s e of peptides that aro cleav e d in chloropla s t : Staub et al. (3 1 ) r e port e d - rhlnrnplast f i xprptssion - 
of human oomatotropin oim.il or to the nativ e human pr ot e in b y-aamg ub i qui t in fusions that woro 
cloavod in th e otroma by an ubiquitin protease. However, th o proooBoing offioionoy rang e d from 3 Q 
80% and the cleavage -airo^wag -not aoourato. To prooooo ohloroplaot e xp ress ed pr o tei n s n pepti d e 
whioh ic ol e aved in th e otroma io oooontinl. Tho tranoit peptide goquonoo of the RuBioCo (ribulooo 

20 1,5 biophoophatooarboKylaao) small subunit is on advantageous choice. TTiis transit peptide haoboon -* 
studi e d in depth (66) ■ . R-uBicCo is one of the protein s that is s ynthesiz e d in cytopl as m a nd transporte d 
posftanglationally into the ohloroplaot in an energy dependent pr ocess. "The transit peptide - 13 1 
protoolytioally removed up on tranoport in tho otroma by tho stroma l proooooingpeptidas e (67). Th e r e - 
ar e o e verol ooquonooo doooribed for different spooios (68). A transit peptide consonauo aoquonoo fop * 

25 the RnDisCo small subunit of vascula r p lants is p ublished by Kccgstra ct al. (69). Th e amino ae tds- 
thot aro proximal to the C-torminal ( 4 1 ■ 50) aro highly oonsorvod in the high e r plant transit oequenoeo 
andbolongto tho domain whioh io involved in engymatio oloavago (66). Tho RuBisCo small subunit 
transit peptide has been fused with various marker proteins (69,70), even with animal prot e ino ■ 
(71,72), to target proteins to the chloroplast, 

30 Prinr to transformation studies, ol e avago efficiency and accuracy ia t ested by in vittu 

t ranslation of tho fuaion protein and in organelle import s tudie s us i ng intact chlo r o p lasta, Once, the 
oorroot fuoion ooquenoo for producing the mature protein is known, such sequence encoding the 
amino terminal portion of tobacco ohloroplafit transit peptide 4s link e d with the mature s equence of 
th e protein . C od on composition of the tobaeoo RuBisCo email oubunit tranoit peptide app e ars to bo 

35 compatible with ohloroplast optimal tr anslation (sec section 3 and Table e n p age 13). Additional 
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^transit pppti^P cpqupnrpc fr>r targptirtg anH Hpavagp in iht» rli1nrr.pl act havp V>PPn ripcrriKpH Tn 

pos e s whoro tho RuBisCo email oubunit trancit peptide ic not suitable; other transit peptides with 
cle a vage in otroma can b e us e d. Th e lum e n of thylnkokis is a good targ e t becaus e thylakoids arc easy ■ 
to purify. It io relativ e ly easy to froo lum e nnl prot e ins e ither by soniootion or with a v e ry low triton * 
5 X100 concentration. However, this often require s in s ertion of a dditi o na l a mi no and sequences fot t 
■ efficient import (66). 

T~kp rtf rhpmirQl nr PTi^mqtin rlpmr^gp- TVip ctrtitpgy r>f fncing q prntpin tr. a tag txnth affinity for 

a certa i n lig a nd ha s been u s ed to enable affinity purification of r e combinant pro d ucts (73 « 75) . 

» both chemical and ensymatio t have b ee n investigated for this purpose (75) , Chemical cle a vage 
methods have low spooifioity and tho ro lntiv o ly harsh oleavage conditions c a n result in chemic a l 
modifications of thereleaced products (75). Som e oftheengymatio m e thods offer significantly high e r 
c l eavage specificitie s togeth e r with high offioionoy, o. g. II61A subtilioinJgA protease and faotorXa 

15 (7^1)75)} but thooo e ngym e o hnvo tho dmwbaok of being quite exp e nsive. ■ 

Trypsin, whioh oloavoa C terminal ofbasic amino-acid residues , has been used for a long time 
to cle a ve fusion protoinc (3,76). Doopito o?cpootod low specificity, trypsin haa boon shown to be ■ 
useful for s p ecific cleavage o f fusi o n proteins, leaving basic r e s idues within folded protein domain s- 
unoloavagod (76). Tho uoo of trypsin only requires that tho N terminus of tho matur e protein bo 

20 a ce es sibl e to the protease and that th e pot e ntial int e rnal sit e s ar e prot e ct e d in th e native conf ormat tefe* 
Trypsin haa the additional advantage ofboing inexpensive and readily available. In the case of HS A y 
when it was onprooood in E. ooli with 6 additional codono coding for a trypsin ol e avag e cit e , HS A was 
prooessod suooooofully into tho mature protein aftor treatment with th e protease In addition, tho N ■■ 
terminal sequence was found to be unique and identical to tho s equence of natural HSA, the 

25 conver s ion was complet e and no degradation products were observed (3). This in vitro maturation 
fie selectiv e b e oauco corrootly foldod albumin io highly resistant to trypsin oleavage at inn e r sit e s (3). » 
This syotom oould bo toatod for ohloroplasts HSA vectors using prot e in express e d in E. coli. ■ ■ 

Staub ot al. (3 1) domonatratod that tho ohloroplaot m e thionine aminopeptidase ic activ e and 
th e y found 95% of removal of the first methionine of an ATG - somatotropin prot e in that waa 

30 .PtvprptsqftH via thp rhlnrnplagt gprtnmp TVi f»rp attp gpypral iTw^gfi rati rmg tV. fl t>.avp shnwn a vpry gfn'rt 

p a ttern of cleavage by this peptidase (77). Methionin e io only removed when sooond residues oro- 
glyrine alani n e, seri n e , cysteine, threonine, prolin e or valin e , but if th e third amino aeid io proline tho 
cleavage is inhibitedu For HSA th e eeoond aminonoid is aspartio aoid, so the oleavag e may not b » 
poosiblc i 
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3) Opfimi7ition of g e n e e xpr ess ion ; We h a ve reported that foreign genes are e xpre ss ed 

botwoon 3Vv (pry2Aa2) and 16% (ciy2Aa2 oporon) in transgenic ohloroplaots (26 3 39). Bao e d on th e 
> outcome of the evaluation of HS A ohloroplast transg e nic plants, o e veral approach e o will b e ne e d to - ■■ 
. enhance tranclation of the r e combinant proteins . In chloroplagts 5 transcription a l regul a tion of gene . 
5 * expression is le s e important* although oome modulations by light and developmental conditions are — 
ohsffrvprt (78) . RNA stability appears to b e one among tho loaot problems boonuao of observation of 
O7cooooivo aooumulation of foreign tranooripto,ottimoG 16,966 fold high e r than tho highly expressing 
r nnrl^rtTansgrnic plants (79). Chloroplast gene expression is regulated to a large extent at the posU 

H-anc^Wptt^nal Fnr fv^mplp J V TTTPc ?tp n^rwe-ary fnr npti'm-al ti-anrl^rm r-lilnrnplnrt 

10 mRNAs. Shino 1 Dalgamo (GGAGG) aoquonooa ao well ao aot e m loop ctructure located 5' adj a ce n t ■ 
to the SB sequence are required for e ffici e nt translation. A r e c e nt study has shown that inoortion of 
the pobA 5' UTR downatroam of tho 1 6 B rRNA p r omote r enhanced translation of a foreign gen s- 
(GUS) hundred fold (80). Therefor e , the 200 bp tobaooo ohloroplaot DNA fragment (1680 1180) ' 
containing 5 ' pobA UTR 13 used. This PCR pr o duct is then inserte d downstream of the 16G iRJ iA . 

Yet another approach for enhancem e nt of translation can bo tho oodon oompooition 
i Optimi7ation . It i s re a sonable to expect e f ficient expre ss ion in chloroplasto oinoo tho protein io - 
- translat e d in E. colL Although rboL (RuDisCO) is the mos t abundant pr ot e in o n earth, i t is not* 
■ translated ac highfy a s the psbA gene du e to th e roLtromoly high turnovor of tho pobA gone produot. 

20 The psbA gene is und e r strong e r s e lection for incroao e d translation e ffioi e noy and io tho moot 
a bundant thylakoid protoin. In addition, tho oodon usage in higher plant ohloroplasts is binood 
towards the NNC codon of 2 - fold degonorato groups (i.o. TTC oven: TTT, GAC ove r GAT, CAP 
ovor CAT, AAC over AAT. ATC over ATT, ATA etc .) . This i s in addition to a strong biaa towards » 
T at third position of 4- fold degene r ate g r ou p s. There is also a con t ex t effect tha t sh o uld be taken ■ 

25 > into consideration while modifying sp e cific? oodons. — Tho 2 fold degonorato sites immediately ■ 
upstream from a GNN codon do not show thio biao toworda NNC. (TTT GGA is preferred to TT G* 
GGA whil e TTC CGT io proforrod to TTT CGT, TTC AGT to TTT AGT and TTC TCT to TTT 
TCT)(01,02). 

— Tn yi^^iiti^r i j highly Tfp^Ff?^ vh l Trrrrplnfit c r nm urrr frNN irr™* fr * fc q ii mit1y thnn T»fbrr crrm 
30 The discl o sure found in wob oito http://www.lcaj5uoa.or.tp/codon was used to an alyse rnrinn 
ffornpofiition by comparing different sp e oi e Si Abundanc e of amino acids in ohloroploato end tRNA ? 
onticodons pr e s e nt - in ohloroplaot was taken into con si d e ration. Wo also compared A l T% content 
of all foreign genes that had b e en expressed in transgenic chloroplasts in our labo r a t o r y with the ■ 
percentage o f chloroplast expression. Wo found that higher levels of A 1 T always co r related with ■ 
35 high e xpr e ooion l e vola (qoo Table 1). The USA sequence showed 57% of A ) T content ond 40% of 
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tv>^ tnt*\ ^r>^^ ng ^trhef] wit h t fot t pnbA TTiofit trnnnlntpri prtrionn Awarding t n fo Q ^ ntn nfthn Tnhin ■ 
modifioQtiono in ito oodon oompooition con be expected * — 
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.4) V e ctor con s tru c tion s: pLD vector is use d for the con s tructs , This ypfitnt was dftVP i lopf i rl , 

■ followed by the psbA 3' region (tho torminator from a gone coding for photooyst e m n reaction cent e r 
20 " components) from tho tobaooo - otrioroplaat gonomo. - Tho pLD vootor io a universal chloroplaot 
oxproasion /integration vector and can be used to transfoun chloroplast genomes of several other 
p lant opecica (H,27) because those flanking sequences arc highly conserved among highor plants . 
Tho universal vootor uses trml and trtil genes (chloro p last t r ansfe r RNAs coding for Alanine and 
Ioolouoino) from tho inverted repeat region of tho tobacco ohloroplaat genome as flanking sequence s 
25 f o r homologous recombination. Booausc the universal vector integrates fo r eign genes within the 
' Invortod Ropoat r e gion of the chloroplast genome, it doubles tho oopy number of the transgene (from 
5000 to 1 0,000 copies p e r cell in tobaooo). Furthermore, it has been demonstrated that homopla s my 
io aohiovod ovon in tho fust round of selection in tobacco pr obably bciau&c uf the pusuiie uf a 
ohloroploot origin of ropliootion within the flanking sequence in the universal vector (thereby 
30 — p roviding mo r e templates for integ r ation). Because of these and several othe r reasons, foreign gene " 
< expression was shown to be much higher when the universal vootor wa s u s ed instead of the tobacco .. 
opooifio vootor (30). ■ 

Th e following vectors can b e uood to optimis e protein e xpr e ooion, purification and production 
* of HS A with the s ame amino acid composition as the human pr o tein. ■ 

35 -a) Wo increas e tranolation using th e pGbA 5 'UTR to optimize expre ss ion , The 200 bp tobacco . 

chloroplact DNA fragm e nt oontaining - S - ' - p e bA r ie - amplifiod b y PC Rr Usia g tobacco chloropl a st ■ 
DNA as t emplate. This fragm e nt ib clonal dii e ctly in the pLD vect o r multiple cloning si t e 
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(BooRI Nool) downotroam of the promoter and tho aadA gono. The olonod ooquonoo io tho 
sam e ao in th e pcbA gene , 

operon derived putativ e ohap e ronin io uced. — Expr e coion of the crySAaS operon in ■ 
5 rr hl orc i p l asts pr o v id e s a model c y s t em- for hyper e xproo o ion of f orei gn protoino (A 6% of total 

oolublo protoin) in a folded configuration onhanoing thoir otability and faoilitatingpurification ■ 
■ (29). Thio juotifieG inoluoion of tho putativ e chap er onin fro m the cr y Q A a 2 o peron in one of » 

thn tifiiifly HttPtjrnaH rnnnfmntr Tn thir najrtr.^ ?ff » f^m ™p *»T] p^rl^ frar p^o (<^PF1 flf l fl 

ORfS) and a ribooomal binding oito (rbo). ThiG oequenoe contains element s nece s sary for .. 

10 Cry3Aa3 oryotalliaation whioh holp to fold or oryotalltBO tho HSA protein helping in th e . 

subsequent purification* — Succ e ssful cryotallization - of other proteins - using this put a tiv e * 
ohaperonin hno been demonstrated (35). Wc am p lify the ORF1 and ORT£ ofthc Dt Qy2Aa2 - 
operon by PGR using-tbo-Gomplete-oporon ao tomplato. Tho fr ag ment io olonod into o PCR 
2.1 vector and excised as an EcoRI - EcoRV pr oduct. This fr agm e nt is then cloned directly 

15 into th e pLD vootor multiplo oloning oito (EcoRI - EcoRV) downstream of the promote r an d 

tho aadA gone* 

•«) To obtain HSA with tho oamo amino aoid - oomp ea ition ao tho mature human protein (without . 

the extra methionine), wc first fus e IIGA with the RuDisGo omall gubunit tranoit poptido. ■ 
Aloo, other constructions aro pcrfcrmod - to allow cleavage of tho protoin after ioolation from - 
20 ohloroplaot. 

The firct cet of conctniotc includ e s the o e qu e noo of HSA beginning with an ATG, introduced * 
by PCR uoing primoro. Onoo optimal cxprcssion4evel8-are-aehreved, an d-^wfaen the ATG is shown ■ 
■to bo a problem (dotuiiniimd by mice immunolog i ca fr-assay s), pro cessin g to pro d uce t he mature 
protein ic addr e ss e d. Tho first ott e mpt io the use of the RuBi s Co small sttbu nit tran s it peptide. This * 
25 transit peptide is amplified by PCR using tobac eo-B NA as a tcmpteite-ftnd cloned into tho PCR 2.^ 
■ vec tor . The USA gene is fused with the ti' mis ttyqrtide^atng-frMj uI re st ricti o n o it e that io introduc e d * 
■ in tho PCR prim e ro for - ampl i fic ation of the tr aB oit p epti de rad4hejjgA-«edk»g-6equ ence , The gene 
fusion io then inserted into the pLD vector downstrca m-efthe-yregtep- that g i ves optimal expression ■■ 
ufHQA (RDG, 5'UTRpabA, ORT1 1 2, ORP1 1 2 - S'UTRpsbA). Au u thii appi u aoh to oliminato tho . 
30 ■ ATG of tho ooding region is tho U30 of the ATG before a p r oteose rcoogattion ooquonoo, liko trypoin, 
and romovo in vitro ouoh extra soqucn ee-to- obt ai n the matu r e protein . Such sequences will bo » 

*■ to confirm correct nuG^Q^&^oquoftGe^and4R-framG&&k^ni DNA sequeaGi a g 
Porkin Elm e r ABI priem ^73- BN A-so quon oi ng sys tem or th o- lifeo r- 

-35 
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5 

Booauce of tho similarity of protein oynthetio machinery (61) } expression of chloroplast ■ 
vectors ie first tested in E,goU before their use in tobacoo transformation. For Escherichia coli ■ ■■ 
expres si on XL-1 Blue str a in is u s ed* Purification and cleavage assay s is performed using E , coli ■ 
10 expr e ssed proteini ■ 

■ Tobaooo (Niootiana tabaeum var. Potit Havana) plants are grown asoptioally by gonnination of goods ■ 
on MSQ medium. Thio modium oontaino M I S pqlto (4i3 g/liter)s B5 vitamin mixture (my o. innvitolj 
15 100 mg/litor; thiamine IIC1, 10 mg/litc r ; nicotinic aeid, 1 nig/lilu, pyiidoxiiK>IICl, 1 uig/lilu), ■ 
- Gucroc e (30 g/lit e r) and phytogar (6 g/lit e r) at pH 5. 8 . Fully oxpand e d, dork gr ee n - leaves of about 
two month old plants are used for bombardmont 

. L e aves ar e plac e d abaxial aid e up on a Whatman No. 1 filt e r paper laying on th e RMQ P 

merlin™ (OH) ctonHorH p^fn' plat^c ( T HAv ? ^ ™m) far- fa r\m fa n l-ri-m K»nt r^nlH (H K | im) miVrnprrvj A^trTftr 

20 7\rr rnatpri with plasmid DMA ( c hloroplact v e ctors) and bombardm e nts ar e carri e d out with th e 
biolistic device PDSlOOO/IIc (Dio - Rad) as described by Danicll ( 6 5). Following bombardment, pctri - 
p l atec a re c e aled with parafilm and inoubatod at 21°C under 12 h photoporiod. Two days after 
bombardmont, leaves ore chopped into small pieces of 5 mm 2 in size and plaood on tho solootion — 
medium (RMQP containing 500 fig/ml of spootinomyoin dihydroohlorid e ) with abaxial side touching » 

25 themediumindeep(100?i25mm)petriplat e o( - 10pieoeDp e rplat & ). Th e reg e nerated apeotinomyoin ■ 
resistant shoot 6 ar e chopped into email pi e oeo ( ■ ' 3ntm 2 ) and oubolonodinto firoGh dooppotri platoa ( 5 ^ 
pioooa per plato) containing the sam e solootion ra e diumi Reoiotant shoots from the s econd culture -> 
oyolo oro tranaforrod to tho rooting modium (M S O m e dium and opeotinomyoin dihydroGhloridei 500 ■ 
mg/liter)i Root e d plants ar e transf e rred to soil and grown - at 26°C und e r 16 hour photop e riod » 

30 » oonditions for further analysis , 

PGR a naly s i s of putativ e transf ormonto : PCR io p e rformod uoing DNA isolated from oontrol and 
transgmir plants to distinguish a) tru e ohloroplaot tranoforroe u ate - from mutants andb) ohlo r o p las t 
faonsfomianto from nuclear temsformants. P r inac ra for tes t ing the pr esence of tho aadA gono (that 
35 ' oonforo opootinomyoin resistance) in transgenic plant s arc landed on the aadA coding sequence and 
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1 6 S rflNA gene. Ono prime r lands on the aadA gene wh i le another lands on tho nativo ohloroplaot 
g e nom e ao ohown in Fig. 10A to toGt ohloroploct int e gration of tho gonoo. No PCR. produot io « 
obtainod with nuoloor tronogonio planta uaing thio oot of primers. Tho prim e r o e t io - ugod to teot 
integration of the entire gene cassette without any internal dele t ion or loo p ing out during homologous 
5 r ecombination. A similar strategy has been used succ e ssfully by uo to confirm chloroplast int e gration 
of for e ign g e n e p (36 30)* This screening is e s s ential to elkniaate mutant s aB da uc l ear tran s formants . 
Total DNA from unbombard e d and tranGgenic plants is isolated as d e scrib e d by Edwardo e t ol. (S3) » 
tn rnnHurt PGR, a naly s es in tran s genic plants , Chloropla g t tran s genic plant s cont a ining thr desire d ■■ 
- gene are moved to second round of g el e ct ion to achi e v e homoplasmy i * 

10 

■ South e rn Analy s is for homopla s my and oopy number: Southern bloto are perform e d to dotormia e> 
4h e copy number of tho introduced foreign gene p e r cell as well as to tes t h o m op lasmy. There are/ 1 
■ povornl thouoand oopioo of tho ohloroplaot gonomo proo ont in oaoh plant o ell. Therefore, when fo r eign - 

15 > QW -f™^pn ^n^o irM-*gr-*t*A whila rkfrWr romnin nn thn nrilH fjjpn (Wnti^pl n rn riy) T h&l ' CferC, tO 

oncuro that only tho transformed genome exists in colls of transgenic plants (homoplasmy)., the 
selection process is continued. Total DNA from transgenic planta are probed with the ohloroplaot ' 
border (flonldng) ooquonooo (tho tml trnA fragment) to confirm that tho wild typo gonomo dooo nofr ■ 
e xist at tho end of the o e lootion oyolo. If wild typo - genomes are prcaont (hotoroplasmy), tho native^ 
20 ■ fragment size is observed along with transformed genomes. -Prese nce of a large fragment (due t o 
insertion of for e ign g e n e o within th e flanking s equences) a nd abaonoo of tho nativ e small fragm e nt - 
oonfirma homoplaomy (26.27,30)> 

The cop}' number of th e integratod gone io determined by establishing homoplasmy for tho 

■ transgenic ohloroplaot gonomo. Tobacco ohloroplaoto contain 5000 * 10,000 copies of their genome 
25 por ooll (27). Whon only a fraotion of the gonom e o ar e actually tranoform e d, th e oopy numb e r, by 

"default, must be leas than 10,000. — By establishing that in the transgenics tho gono inoortod ■ 
transformed genome is the only one present, it can be e s tablished that the copy number is about* 
5000 1 0,000 per cell. This is usually done by digesting the t o tal DNA with a suitable restriction 

■ enzyme and probing with the flanking sequences that enable homologous recombination into the * 
30 ohloroplaot genom e . Th e native fragment pr e sent in th e control should be abs e nt in the transgenic s * 

The absence of native fragm e nt proveo that only the trnnog e nio ohloroplaot gonom e is preo e nt in the ■ 

■ ooll and ther e io no native, untranoformod, chloroplaot genome, without th e for e ign g e n e pr e o e nt. 
Thio e stablish e s the homoplasmio nature of our transformants, simultaneously providing us w i th an 
e stimate of about 5000 - 10,000 oopi e o of tho foroign gonoo per coll. 
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North e rn Analysis for transcript stability! Northern bio to ore performed to t e st tho offioionoy of— 
transcription of th e genoo. Total RNA io isolated from 1 SO mg of frozen loaves by using the "Rnoooy 
Plant Total KMA Isolation Kit" (Qiagon Inc., Chatsworth, CA). RNA (10 -4 0 is denatured by 
formaldohydo treatment, separated on a 1,2% agarose gel in th e pr e s e nce of formaldehyde and — 
S - transferred to a nitrocellulos e membran e (MSI) as d e scribed in Sambrook et al. (84). Probe DNA* ■ 
' (IISA gene coding region) is labeled by the landoin^primed method (Promcga) with ^P^dCTP * 
iso t ope. The, blot is pre - hybridized, hybridized and waahod as described abov e for southern blot - 
-analysis Transcript levels are quantifi e d by th e Mol e cular Analyst Program using the GS 700 
Imaging Densitometer (BiO ' Rad» Hercules, CA) or the like, ■ 

10 

» Expres s ion and quantification of th e total protein expre s se d in chlornplast- P-Hlnrnpla^ 

expression aooayo ore performed by Western Blot. Recombinant protein lev e ls in transg e nic plawts 
of first and second generation (To and Tl) ore d e t e rmin e d using quantitative - EOS A as s ay s. A 
otnndard ourvo io goncratoduaing known concent r ations and serial dilutions of recombinan t and native 
15 proteins. Different tisaucs a r c analy s ed using young, matu r e and old leaves against goat anti - IISA 
(TvTnrdirTmmunnlofiy) antibodies. B oundlgG is m e asur e d using horseradish peroxidas e lab e lled ont i- 
goat IgG (Sigma) . — » 

—Inheritance of Introduced Fo r eign Gene s; While it is unlikely that introduced DN A movoo from ■ 
20 the ohloroplost genome to nuclear genome, it is possible that the gene can be integrated in tho nuolonr ■ 

■ g e nom e during bombardment and remain undet e cted in South e rn analysis. Ther e for e ^ in initial- 
tobacco tranaformants, some is allowed to self-pollinate, whoroa3 others ar e us e d in r e ciprocal crosses 

' Willi euuUul lubacco (tiansgenics asHiem al c accepters and poll e n donors; - test in g f o r materna l— 
' inhQritanoe).Harv e 3todsood3(Tl)arQ gorminatod onmodiaconliiiriingspeotinomycin. Achiev e men t 
25 "of homoplasmy and mode of inheritance can be classified by looking at germination results . 
1 Ilomoplasmy eon be indicated by totally green seedlings (27) while het e roplaomy is displayed by 
» variegated leaves (lack of pigmentation, 24), Lack of variation in chlorophyll pigmentation among 
prog e ny also und e rscor e s th e abo e no e of position e ff e ct, an artifaot of nuclear transformation . 

■ Matomal inh e ritanc e is demonstrated by sole transmi ss ion of introduced gene s via s eed gener a ted oa 
30 tranog e nio plants^ regardless of pollen oouroo (green ooodlingo on s e lective media) i When transgen ic 

» in selective m e dia (will appear bleached; 2 4 ). — Molecular analyses confirm transmission an d • 
e xpression of introduced genes, and TS Deed is generated frem those confirmed plant s by th e 
« analyoos dooorib e d abovo i 
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Piitnfioqrinii mHhttflfT T h ^fiti n ^W rvfpiirifirvatirtTi ^Tinplnyc rlftrrir^l hinrhFMrnrfll 

techniques with the crystallised prot e ins inside th e chloroplaoti In this oao e , the homogonatoo org 
p as e e d through miraoloth to r e move ooll dobrio. Contrifugation at 10,000 xg pollots all foreign 
protoina (29). Protoino are oolubilizod using pH, tamporaturo gradient, oto. Thin ia poGGiblo if tho 
5 ORF 1 and 2 o f the ay2Aet2 opc r on can fold and crystallize tho recombinant prot e in. When there is - 
no cryGtal formntirm, nthrr pnrifi^nti^n m n th^ Hri n ™ nppiinri (ninnmoni lr^nh pantry rnnhniq i inn^ ■ 
A l bumin ic typically administered in tens of gr a m , quantities, At a purity level of 99 . 999?/ a ( a levd 
■ oonoidorod sufficient for other recombinan t pr otein piuparations), rccombmaint IICA (rllSA) 1 
impnritipn rrn t h n tmkT r t f ^nr mr ir H 11 ^j^^ pn+iantr vi^r* impnriiW fmm thn bnrt 

10 . rrpnnifinmiint^f rf^ir"^^" " r> '"' wwl, * % > t7hhH i -. p pn - ifi - d r im a u in». i i iwni».^i i nhuman 

HSA. D e cpito thooo otringont requirements, purification costs must be kept low. It io not appropriate 
to a pply conventional processes for purifying HS A originating in plaoma to purify th e HSA obtained ■ 

by gm^mflnipul n tirm . Th i n ifibrrm i nrth^impnrit^n t n 1 nn nH«n;«n»n J-f™ . ^ .. TTriA ,i;rr , ■ n inw . 

contained in the HSA originating in pl a sma. Nam e ly, rHSA is contaminat e d with, for e xampl e, 

IS coloring matters characteriotio to recombinant HSA 5 proteins originating in the host c ells > 
*polycaooharidoo, oto. In particular, it io nooooonry to aufficiontly oliminato oompononts origina t ing ia * 
tho boat oollo, oinoo thoy ore foreign matters for living orgoniomo including toman and can cause the 
problem of antigenicity. 

In p lants, two diffe r ent methods of HS A purifioation havo boon perform e d at laboratory ccate . 

20 Sijmona ot al. (12) transformed potato and tobacco plants with Agrobactcritnn tumofaoicm. For th e 
e xtraction and purifioation of HSA, 1000 g of st e m and leaf tiooue wac homogenised in 1 000 ml col d 
PPG, 0. 6 % PVP, 0.1 mM PMSP and 1 mM BDTA , The hom o genate was rlnrififid hy filtratirm, 
' oontrifuged and tho supernatant incubated for 1 h with 1.5 ml polyclonal a ntiH S A roup l ed ta 
Roactigol spheres (Pierce Chcm) in tho presence of 0.5% Twoon 8 0. ThB oomplox HSA anti HSA . 

25 P ~?rtig~l tym ^tl l T tr ti wr i Tf 1 ™ 1 v"'** 1 * rn1 n * 9/ « t^™" pr>R TTfl A wn « Ai fa in - 

r s actigel complex with 2.5 ml of 0»1 M glycine pH 2,5, 10% dioxane A immediately followed by a 
buffei Lxdiangc with S&phade x G2S t o 50 mM Tris pH 8. Tho samplo wao than loaded on a HR5/5 . ■ 
f MonoQ anion exchange column (Pharmacia) and clutcd with a linear NaCl gradient (Q ■ 350 mM 
'N aCl ia 50 mM Tria pll 0 in 20 min at lml/min). Fractions containing the concentrat e d HSA (at 29 0 

30 *mM NaCl) wore lyophiliaod and appliod to a HR 10/3O S opharo6 » 6 oolumn (Pharmacia) in PBS a t 
0.3 inl/min. Huwcvei, this method uses affinity columns (polyclonal anti HSA) that ar e v e ry 
expensive to scalcup. Also, the pr o t ein is r eleased fromtho - column with 0.1M glycine pH 2.5 that 
t y p ically denatures tho p rotein. The r efo r e, thio method can bo auitably modified. 

Tho oooond mothod io uood for HSA oxtraotion and purifioation from potato tubero (Dn 

35 Mingo Casters labo r atory). After grinding the tube r in phosphate buffer pll 7. 4 (1 mg/2ml), th> 
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horaogen a ts ic filtered in miraoloth and oontrifiigod at 14,000 r pm 15 minutoa. Aftor thio ste p , 
anoth e r filtration of the supernatant in OA 5 jum filt e rG is nec e ssary. Then» chrom a togr a phy of ioni c . 

~f^h?ng~ ir FPT r o TYP AT? CnpWr^ TTorf Klnvrr rnlumn (AmArplnm) ir rpqnir^rl TTrartinnr 

■ recovered are passed through an affinity oolumn (Blue Sepharos e fast flow Amersham) resulting ****. 
5 .a pro d uct o f h i gh purity . HSA purification based on both methods can then be investigated ,. 

-3) Characterization of th e r e combinant prot e in s; For the safe use of recombin a nt protein s 

ar a p1f1'^m' a ntin -*ny rflU** nnrrmt ippKri^rmc tlipcpprntpincnmpthp ctmrtiirally eqiiiiral mf and. 

mu s t not contain abnormal host - derived modifications! To confirm compliance with these criteri a 
f 10 .. human and recombinant proteins can be compared using the c urrently highly s en s itive and high l y 
resolving techniques expected by the r e gulatory authoriti e s to charact e riz e recombinant produc ts 
(85). - 

i ■ Amino acid analysis t N terminal s e quence analysis is perform e d by Edrnan degradation usin g- 
ABI 177A protein sequ e ncer with on on lin e 130Aph e nylthiohydantoin - amino ackl analygog. ■ 
15 ■ AutomatodC tormiiialaoquonooanal^ioua e o a H e wl e tt PaokordG1009A prot e in s e quenc e r * 

■c onfirm th e C-terminal s e qu e nce to a greater number of residues^ ■ 

—3 Protein folding and dioulfido bridfioo formation : Wootorn bloto with r e ducing and non 

r educing gels is perf o rmed to check pr otein folding. Protein standards (Signio) ore loaded 
20 to compare the mobility of the recombinant pr otein. TAGE is performed on PhastGels- 

(Pharmacia Biotooh). Proteins a r e blotted and then probed with goat aiili-IISA autibudi e b . 
B ound IgG io dotootod with horooradioh p e roxidase labell e d anti goat IgG and visual i ze d on 
X ray film uoing BCL dotcetion reagents (Amersham). 
3 Chromatographic techniques : For HSA, analytical gel - permeation HPLC i s performed u siag- 
25 ■ a TSK G3000 SWxl oolumn. Proporativ e g e l p e rmeation chromatography of HSA is . 

aboorbanoo at 280 run, ia dialyzcd and rcconccntratcd to it s starting concentration, 
i A Viscosity : This is a olooaioal aaaav for rooombinant HSA. Visco s ity ia a characteristic of 

30 rooombinant HSA are moogu r cd at 1 00 mg Ml - 1 in 0 . 1 5 M NaCI using a U ' hibe riacusiiaelci 

'' (M2 type, Poulten, Oclfi and Lee Ltd, Essex, UIC) at 2S n C . 

-§ Glvoooylation : Chloroplaot proteins are not known to be glycosylated. However there ore 

no publications to confirm or refute this assumption , Therefore! glyoosylation will b e 
mpfi < mr g ^ n up vTrnir^n n f th n T nftl °^ A1nwi1 JI > M ' 1 ^ '■■' 1' (R^) ^ 
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-8) Animal testing and P r eclinical Trials ! When alburain is producod at adequate lovoh in 

tobaooo and tho phyoiooohomioal proportioo of tho produot oorr e opond to those of thenatur a l protein , 
tcnricolngy gtu d ies nfred to be done in mice . To avoi d mice response to th e human pr o tein, transgeni c- 
mioo oarrying HSA genomic sequences - is used (87). After injection of non e , 1, 10, 50 and 100 rng- 
5 of purified recombinant protein, classical toxicology studies ore carried out (body weight and food 
■ tntako, animal bohavior, piloorootion, etc.). Albumin can b e t e st e d for blood volume replacement . 
after poraoontoaig to oliminato the fluid from tho peritoneal oavity in patients with liver cirrho s is , It 
■ has bron shown that albumin infusion after this maneuver i s essential to preserve effective circulatory 
volum e and ronal function ( 88 ). 
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EXPRE00ION OF HUMAN THERAPEUTIC PROTEPiB 
IN TRANSGENIC TOBACCO CIILOROPLAflTfl 



BACKGROUND OF THE imTDNT tON- 
5 FIELD OF THE INVENTION * 

■ Tho proaont invention is enroot e d to tfao oxproaaion of gonos in planto to produoo 

■ recombinant proteins . -* 

' DESCRIPTION OF RELATED jVRT 

Roooaroh on human pgotoino in tho pact y e ars hac r e volutioniaod th e uo e of th e co 
10 ■ th e rap e utionlly valuablo protoino in a variety of olinioal oituationo. Since tho demand fo r those 

in tho future they will be available in significantly largor amounts, preferably o n a e o sfreffec t i Yg 

■ bas i s . B i rnuise m o st gene s can be expressed in many different systems^ it ic essential to 

■ determine which system ofT e ro th e moGt advantag e s for tho manufacture of the r ecombinant * 
15 p iuieili. The ideal C AjJi c bMuu system wuukl be uut dial uiudm e s a maximum aiuumit of aafu, 

■ bi o logionlly aotivc material at a minimum coat Tho U3& of m o dified mammalian tells with 
' iiiuiiibuiaufc DNA t echniques has the advantage of resulting in products which aro oloooly 
■r elated to thooo of natural origin; howovor, oulturing of those colls is intricate) and oan only bo 
ca rr ied out on limited scalo. Tho uoo of mioroorganiomo suoh as baotoria pormito manufaoturo on 

20 a larger scale, but introduooa tho disadvantage of producing products, which differ approoiably 
from the pr oducts of natural origin. For example, protoino that ore usually glyoooylntod in 
ktimana aro not glyoooylotod by baotoria. Furthoimoro, human p r oteins that aro oxproaaod at high 
lwela in E. colt — frequently acquire an unnatural oonfoimati u n, accompanied by intntoollulor 
precipitation duo to look of proper folding and dioulfido bridgoo. Produotion of rooombinant 

25 prot e ins in plantG hap many potontial advantagoo for generating biophamiaooutioalo r clovant t o 
olinioal modioino. Thooo includ e th e following; (I) plant syst e ms ar e mor e e conomical tk a» 
■ indust r ial facilities uaing fermentation systems; (ii) toohnology is available for harvesting and 
processing plants/ plant products on a larg e soalo; (iii) e limination of tho purification requirement 
when tho plant tinouo oontiLiriing th e rooombinant prot e in is uG e d ao a food (odibl e vaooin e o)i (iv) 

30 ' planto oan bo diroot e d to target proteins into stabl e ^ intrac e llular compartm e nts as chloroplastE) op 
e xpress e d directly in ohloroplactsj (v) th e amount of recombinant produot that oan bo produood 
approaohoo industrial ooal e l e v e ls; and (vi) health rialca duo to contamination with potential ' 
human pathogono/tojiino aro rxdnimio ed. 

Lt has boon ootimatod that ono tobcooo plant ahould bo able to p roduoo more rooombinan t 

35 p p otoin than a 300 liter formontor of £. eoli. In addition, a tobaooo plant produooo a millio n 
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a ag largo aoalo pr oduction. Tobaooo io aloo on idoal ohoioo booauoo of ito rolativc 
e ao e of genotio manipulation and on imponding need to e xplore alternat e uo e G for thio haHard ww 
wop. However, with tho oxooption of ongymoo (o.g. phytnoo), lovolo of foreign protoine produood 
■ in nuoloor tranogonio planto aro generally low, most l y Iqcg thnn 1% of th e totol oolubio protoin 
5 ( ' 1). May ot q1. (2a) diocuoo thin problom uoing tho following oxamploo. Although plant derived 
r e combin a nt , h e patitis B surfac e antig e n vvac ac e ff e ctive a c a comm e rcial r e combinant vaccine , 
■ tho lovolo of oxproooion in tranogonio tobaooo w e r e low (0.0066% of total colubl e protein) i Ev e n 
' though Norwalk viruo oapoid prot e in e xpress e d in potatoes caus e d oral immunization wh e n 
wonsume d as food (edible vaccine), expresrion levek w e r e low (Qi39 4» of total oolubl e protein). In 

10 ' particular; e Kproooion of human prot e ino in nu c l e ar transgenic plants has b ee n dicoppointingly 
lowi Qig) human Intorforon □ 0i000017^n of frooh weight, human oorum albumin 0.02*Ku anc fr 
a r>rthiopoutin 0 , 0036% of tot a l solubl e protein ( s ee table 1 in refl) , A synthetic g e n e coding fon 
t ho human opidormal growth factor was e xpr e ss e d only up to 0 . 001% of total soluble protein ia 
te Hifigonio tobacco (2a). The cost of producing recombinant proteins in alfalfa loaves woo 

15 «eotimated to be 12 - fold low e r than in potato tubers and comparable with ceedc (1) M How e v e r , 
Hobaooo loavoo aro muoh larg e r and have muoh high e r biomaoc than alfalfa. Tho ooot of 
produotion of r e combinant proteins will b e 50 - fol d lowfrr than that ofE t Goli ferm e nt a tion (with 
« QQ% oxproooion lovolo, 1). A dooroaoB in inoulin oxproooion from 30% to 5% of biomaao doubled 
<ho ooot of produotion (3b). Exproooion lovol l e oo than 1% of total colublo protoin in plantc hoc 

20 - boon found to bo not commercially f e asible (1). Therefore, it io important to inoroaoo lovoto of 
^ Kpr e ccion of recombinant proteins in plants in order to exploit plant production oS 
*p torrnaeologically important protein* . 

* An altornato approach io to e xprooo foreign prot e ino in chloroplocto of highor plantoi Wo 
have rooontly integrated foreign gonoo (up to 10»000 oopi e c p e r cell) into the tobacco chloroplaot 

25 gonomo rooulting in aooumulation of recombinant proteino up to 47% of tho total cellular protoin 
■ (3). Chloroplaot tranofonnation utiliaoo two flunking aoquonooo that, through homologous 
r e combinat io n, insert foreign DMA into the spacer r e gion betwe e n th e functional gonoo of tho 
chloroplaot gonomo, thuo targeting the foreign g e n e s to a pr e cip e locationi This e liminates th e 
u poaition e ff B Ot" and gen e oil e noing fr e quently oboorv e d — in nuol e ar tranogonio plonto . 

30 €hloroplaot gonotio engin e ering io on onvironmontally friendly approach, minimising concernc 
«ef out cross of introduced traits via poll e n to w ee ds or oth e r oropo. Abo, tho oono e rno of inoooto 
do vol oping rooiotanoo to biopootioidoo are rniiiimiaod by hyper expr e ooion of cingl e ins ec ti c i dak 
p r oteino (high dooago) or oxproooion of difforont typoo of inoootioidoo in a oinglo tranofonnation 
ovont (gono pyramiding). Conoorno of inaootioidal proteino on non targot inoooto ar e minimiDod 

35 ' by lack of expression in tranagonic p ollen. Moat im p ortantly, a significant advantage in tho 
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ph a rmac e utical proteinc in chloroplasto io thoir ability to proo e oo oukaryotio 
protoino, including folding and formation of disulfid e bridges ( 4 ). Chap e ronin protoino aro 
pr e o e nt in ohloroplacts (5,6) that funotion in folding and noaombly of prokaryotio/oukaryotio ' 
protoino t Aloo, proteino aro aotivatod by dioulfid e bond oxido/roduotion oyoloo uoing the 
5 ohloroplact thior e doxin system (7) or ohloroplact prot e in disulfide ioom e raao (8). Aooumulation 
of fully assembled, dioulfido bonded form of humon somatotropin via ohloroploot tranaforniation 
( 9) and oligom e rio form of CTB (10) and aos e mbly of h e avy and light ohains of humanis e d 
Cuy'a 13 antibody in tranagonio ohloroplaoto (11) provide strong ovidonoo for ouoooooful - 
' p F Oocooung of pharmaceutical protoino inoido ohloropla3ts. Such folding and aooombly should 

10 oliminato tho nood for highly oxponoivo in vitro prooooaing of pharmaooutioal protoino. — Fer 
QKnmplo, 60% of tho total op e rating ooot in tho produotion of human inoulin ic acoociat e d with i>> 
wtfo proo e poing (formation of dioufido bridgoa and cleavage o f methionine) (2b) . 

Takon togothor, low l e vels of e xpr e ssion of human protein s in nu c lear tr a nsgen i c plants, 
and difficult in folding, aooombly/proo e soing of human protoino in E.coli ohould mako 

15 ohloroplastc an ideal compartment for expression of these proteins; production of human prot e in s 
■ in tronog e niG chloroplaotc should also dramatically lower th e production cost , — L a rge - sc a le 
production of thooo protoino in plants phould b e a pow e rful approach to provid e tr e atm e nt to 
potionto at an affordoblo ooot and provide tobacco farmers alt e rnate usmR f o r th is hazardous crop i 
Thoroforo, wo propooo hore e xpr e ooion of th e rap e utic prot e ins in transg e nic tobacco ohloroplastc 

20 *to inorono e l e v a lc of e xpr e ssion and aooomplich in Wvo proooooing. 

BRIEF DESCRIPTION OF THE FIGU RES 
Figure 1 io a graphioal roprooontotion of total protein verouc leaf agf in.tranggfmir tnharro 



Figure 3 io an olootron miorograph ohowing Cry2Aa3 oryotalo in a tranog e nio tob a cco l ea f , 
25 * Figur e 3 io a photograph of l e av e o inf e ot e d with Pi eyringao 5, dayo oft e r inooulotioni 
F i gure A is a graph s howing the results of an in vitro flGcay of Pi aoniginoea . 
Figuro 5 io two graphs ohowing oligomorio CTB e xpT e coion l e v e ls as Total Solubl e Protoin . 
' Figure 6 is a Western Blot Analysis of transg e nic ohloroploot express e d CTB and comm e rcially - 
available purified CTB antigen. 
30 Figur e 7 io a W e Gt e rn Blot Analysis of heavy and light chains of Guy's 13 mono c lon a l antibody 
ir e m plant ghloroplaotfr. 
Figuro 8 io a W e Gt e rn Blot of transgenic potato tub e ro s c v D e sir e s 

Figuro 9 io a froquonoy hiotogram inoluding poroontag e Konn e boo and D S ciree transgenci . 
plants e xproooing difforont HAS lovotoi 
35 figuro 10 io a Wootom Blot of E. eoli protoin extracts . 
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HUMAN GERUM ALBUMIN 
USA is a monomerio globular protein and conoiGto of a Dingl e , generally nongryooGylat e d , 
pnlyrrptirif rhiin nf nmimr nri^r * ™ H 17 HimifiH* hnnHr) nrith nn 

^ee tranplotional modiiioationa. It iG oompoGod of thr ee Gtruoturally oimilar globular domaino and 
5 ^t ke disulfides are posi t ioned in repeated oorioo of nin e loop link loop structure s centere d ar o un d 
oight aoquontial Cyo Cyo pairo. HSA ia initially oynth e oig e d as pr e pro albumin by tbo liv e r and 
rel ea sed from the endoplasmatic rotioulum after r e moval of tho nniinotonuinal prope p tide of 1 8 
ammo aoido. Tbo pro albumin in further prooooood in tho Golgi eomplou whoro the other 6 - 

nminfttlfrminal r^fiidUtf th¥ p^p^p*^* nTQ ^laniraH hy n n a rin a prrit a mnnn (1T^ Thin rnnnltn in . 

10 ih? secretion of the mature pn1^°r^ a ^ ^ g<; °™ ir>n> n ^ Hp Rg A ^ r Qr> ^ rtHaH h y nnHrrnnnnut 
fcautopomio ollolio gonoo. HSA bolonga to tho multig e no family of prot e ins that in c lud e alpha 
femprfrtfii n n nri hu m n n crrrnp fipftnfiff f^mp™"™ 1 " (^ n ) nr ™tnwiin n HinHinrr fhTmiy uv\ 
^ faoilitatoa transfer of many ligando aoroso organ oiroulatory interfnooo ouoh ao in tho liv e r, 
tntoctm e , kidney and brain. In addition to blood pl as ma) 6crum a lbumin i s a l s o found in ti s sue s. 
15 HSA accountc for about 60% of th e total protein in blood serum i In the scrum of human a dult s ^ 
« the concentration, of albumin is 40 mg/ml. 

Tho primary frmrtinn ?f H g A if * Kp> ""'^^^^ ^ f nrmntir pramM-a (nrmy 

within — &e — blood — voogoIo. — Ito abundanc e makes — it an — important d e t e rminant of th e 
* pharmnoolunotio bohavior of many drugc » Reduced synth e sis of HSA c a n be due t o ad vanced 
20 * l i v e r dic e aco , impair e d intestin a l absorption of nutrientc or poor nutritional intak e . Incroacod 
■ albumin looG e c — onn b e du e to kidney di s e as e s (increa s e d gl o merular permeability to 
mnorornol e oulec in th e n e phroti c syndrome), intestinal diseases (prot e in losing e nteropathies) or 
e xudativ e okin dicord e rc (burns) . C a t a bolic states rurh as c h r oni c infect i onsj sepsis, snrgfirvj 
■ int e otinal r e oection g trauma or extensive burn s can a l s o c a use hypo a lbum in flmi a, HSA iG used in . 
25 thorapy of blood volum e disord e rs; for example p o sthaemorrhagir wiite hypmrnhpnii? nr 
QKtonoivo burnPi tr e atment of dehydration states,. and also for cirrhotic a nd h e patk illn e sses , It i s 
a loo uo e d ao an a dditive in p e rfusion liquid for extra c orporeal circulation. HSA is nnftri ohnionHy 
■ for roplaoing blood volum e , but aloo haG a variety of non th e rapeutic uses , including its role as a 
otabilieor in formulations for other therapeutic proteins ■ HSA is a st a bilizer fo r bio lo gica l 

30 iTn-nf™ lc ' ; " ?V A * c " C ~ A p™»pa™p ^^C^ 1 g+mHirdr -and r a farff i nr a mnt a rinln 

^ Furth e rmore}; HSA ic frequently used as an experimental antigen^ a ooll cultur e conctituont and e» 
ctandard in clinirral-flhoiriintry tftntf>. 

' boon reportod pr e vriouoly (13 17) i Saooharomyooo corovi&iac hap boon uood to produoeHSA both 
35 ' mt r a-oollulary, requiring donaturation and refolding prior to analyai9 (18), and by o e orotion (19). 
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was P i qniyalpnt structural l y, but the recombinant product had lowor lovolo of 
e xproooion (rooovory) and otruotural hotorogonoity compared to tho blood derived protoin (20): 
HSA wao qIqo expr e oood in KluyvoromycoQ laotis^ a yooot svitb good se c r e tary properti e s 
' QBhi e vmg 1 g/liter in fed batch cultures (21) . Qhtn ni e t al (22) - d e v e lop e d a USA oxproooion 
5 r yr*"m iifiinc Pirhin p^^^j^ nnri frntnhlinhftfl n purific i ntion method obtaining r e ioombinonf 
p rotoin with pimilar l e vels of purity and propertiee ac the hum a n protein . In Bacillus suhtilis , 
' HSA could bo secreted using b a cterial sign a l peptides (15) . HSA production in £ , eoli w a s 
cuoooccful but required a dd ition al in vitro pr o ce ss ing with tryp s in to y i e ld the mature protein 
'(H) , S i jmonc at al . (23) expressed HSA in transgenic potato and tobac c o plantc . Fusion of HSA 
10 > to tho plant PR. S preoequ e n ce r e sult e d in c l e avag e of th e pr e o e qu e no e -at itc natural oit e and - 
j f i gr e Uon o f corr e ctly pr o ce s se d HSA , that was indistinguishab l e from the a uthentic human 
prctein. The expression was Q.Q14% of the total soluble protein. However, none of these methods 
h ave been exploited commercially . 

Afettga in io currently obtain e d by protein fractionation from plasma and i s the world' s 
15 .rv^ct nc ? ^ ^fr^r^n^nff pr^Hirij ^timatrd at arrimri 1 frftft m?trir tnn n p^r yenm Albumin ig 
adminiotorod by intravonouG inj e ction of oolutionc containing 20% of a lbumin The average 
dosage of a lbum i n for eac h p a tient v a rie s between 2 0 - 40 grams /day . The c o nsumpti o n o f 
a lbumin ic a round 700 Inlnrrramr per million h a bitants p e r y e an In addition to th e high coct^ HSA 
hao tho rifjlc of transmitting dise a s e s ac with oth e r blood deriv a tive pro d ucts . T h e pr i ce of 
20 ^albumin ic about $3.7/g u Thus, th e mark e t of this protoin approximately omounto to $ 3,600,000 
por million poopl e p e r y e ar (0i7 billion dollarc p e r y e ar in USA). Booauoo of th e high ooot of 
i - a lbum in j ryathetic macrom o lecu t es (like d extrans) a re used to in c re a se pl as m a coU oi do s moti e 

Commerci a l HS . A is mainly pr e par ed from human pl a sm a. This source, h a r dl y meet s th e ■ 
25 r e quireme n ts o f th e world Tmnrtot The* avail a bility of human placma io limited and oaroful hoat 
■ treatment of th e product pr e par e d muot bo performed to avoid potontial oontamination of the 
produot by h e patitio, HIV and other viruc e c i Th e oootG of HSA e xtraction from blood are v e ry ■ 
high ! In or d er to meet the dem a nds of the large albumin mark e t with a Gaf e product at a low ooot , 
innovativo production systems are n e ededi Plant biotechnology offers promise of obtaining safe 
30 a n d cheap prntrins to hir used to treat human disgase a> 

V IWTERFERON ATPHA. 

kitorforonc (IFNc) oonotitut e a h e torogonoouo family of oytolrin e o with antiviral * 
a ntigro^vth s and immunomo d ul a tory prop e rti e c (31 36)i Typ e I IFNo ar e a ci d-s t a bl e and - 
35 oonotituto tho firot lino of dofonoo againot virus 09, both by displaying diroot antiviral offoota and 
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■with the cytokine cascade and the immune system. Their function is to inrincf> 
r e gulation of growth and differ e ntiation of T c e lls. Th e human IFN a family oonoioto of at loaot 
Q2 intronlo33 gonoo, 9 of whioh aro pooudog e n e o and 13 e Kpr e oood genes (subtyp e s) (27) . Hnmnn 
4FN a gonoo encode proteins of 188 or 189 amino arids The fir s t 71 aminn ncid s c o nstitute a 
5 signal peptide, and the other 165 or 166 amino nnds form the mature protein, IFNnct subtypes. 
sh o w % homology at the nucleotide level . Presence of two diculfido bondo botwoon CyG - 

If i Cya DO and Cya 29 ! Cyfll39 io oonoerv e d among all IFN a opooiec ( 2 8) ! Human IFN o t ge nes- 
ar e e xpr e coed con s titutively in o rg a ns of norm a l individu a l s (29,30) . In d ividu a l IFN . a gene s a re 
<fc fforontly e xpr e ssed d e pen d ing on the s timulus and they s how re s tri c ted cell type e xpre ssi on 
10 (31). Although all IFN a subtype s bind to a c ommon receptor (3 2 ), s everal rep o rt s suggrst that 
t h e y Ghow quantit a tively distin c t patterns of antiviral ; growth inhibitory and iirununomodulatory 
a ctivities ( 33 ) . IFN-c*8 a n d I FKU cc S s eem t o h ave the gre a test antiviral a ctivity in liver tumour 
o ollo IMI7 (33). IFN a5 has s at lea s ts the s ame antivir a l a ctivity as IFN «a 2 i n w vitrei 
oieporimonto (unpublish e d data in Dr . Prieto' s l a b) . It h as been shown recently that IFN » o t 5 i s the* 
15 . c o l e IFN o t cubt>rpe expresse d in norma l liver t i ssue (34) , IFN o tS expression in p a ti e nts w i t h 
« chronic hepat i t i s C is re d uce d in the liver ( 34 ) a n d induced in mononuc l ear c e llo (35 ). 

interfer ons are mainly Irnoura for their a ntivir a l activitie s ag a inst a wide s pectrum of 
iviruees but also for their pr o tective rolr against somr no n. v i r al pathogen s. They are potent 

20 number of different tumour cel l type s. I FhW is main l y employed as a st a nd a rd therapy for hairy * 
cell l e ukaemi a, metuctigirnng c a rcinoma and AIDS inrrooiat e d angiog e nic; tumourc of minod 
*ce! hilarity knovm aw kaposi sarcomas, It is also active againrt a number of ofhpr tumours and> 
<viral infootionc . For e xample , i t is th e current appr o ve d th e rapy f o r chronic vir al hepatit i s B 
(CHB) and C (CHC) , Th e IFN a subtyp e us e d for chronic *iral hepatitic io IFN c*2, About 40% 

25 -o f patients w i th CH B an d ab o ut 2 5% o f patient s w i th CHC respond to thic therapy with Euotoinod 
viral TjlflTirnnrrfi. Thf utmal dnff a g nf TFNrr nr 0 5 10 T (subHitan^rms injf^tinn) thr^ rhyg prr 
w e ek for 4 6 monthc for CHB and 3 &<fU thre e days per w ee k for 1 2 months for CHC . Thre e 

^ TT7M/v7 i-apwty^pl pppf/w4mgig1y 15 fig nf wrtnnViingnt prntain Thp rflcpnnrft reta in pntiantn 

with chronic hepatitis C can be increa s e d by c o mbining TFN * o t2 a n d rib a virin . Thiff combination 
30 t h e r a py^ whioh consi d erabfy incre as es the co s t of the therapy an d cau s e s so me a dd iti o n a l s id e 
^ff oo to, rooultp in cii stained bioch e mical and virologioal r e mipcion in about 40 50% of pac e d * 
g , eeent data suggest that pggjlate d int e rf e ron in wooltiy doooo of 180 Dg oon aloo inoroaao the 
fluotainod rooponno rate to about 40%. IFN o>5 io tho only IFN a oubtypo ojeprooood in livor; thio 
. expres s ion is reduce d i n patie n t s with CHC and IFN <x5 o ee mc to hav e on e of the highoot 
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*y i n liver tumour cells (see above) , An int e rnational patent to uoo IFN a5 hap 
■b ee n fil e d by Prieto's group to f a cilitate commerci a l development (36) * 

<Human interfer o ns ar e currentfy prepar e d in microbial oyot e mc via r e combinant DMA 
te chnology in amountc which cannot b e isolat e d from natural oourooG (l e ukocyt e Gs fibroblaoto , 
5 lympho eyres) ■ Pifforrnt recombin a nt int e rf e ron □ g e nes have b ee n c lon e d and e xpr e ss e d in B . 
^ eoii ( 3 7 a ,b) or ye a st ( 3 8) b>f several gr o ups . Gener a lly ; th e synth e siz e d prot e in ic not corr e ctly 
foldod duo to tho look of dioubfid e bridg e s and th e r e for e ; it r e mains insolubl e in inclucion bodi e o 
that ne e d to b e colubiliaed and refolded to obt a in the active int e rf e ron (39 ,4 0) . One of the mo s t 
offioiont mothodc of interferon - □ expre ss ion has been published recently by B a bu et al , (41) , In 

10 ^ thio mothod, E. ooli calls tran s formed with interferon ve c tor s (regul a ted by temperature i nducib l e - 
promoters) were grown in high cell d ensity cultures, this result e d in th e production of A g 
■i nterf e ron Q /liter of c ulture . Expression ■ resulted exclusively in the form of insoluble inclusion 
■ ftodioo whioh wore colubilia e d und e r d e naturing oonditions^ r e fold e d and purified to n e ar 
homogen e ity. The yield of purified interferon □ was approximately 300mg/l of c ultur e. 

15 Expr e ssion in plants via the nucl e ar genom e has not b ee n very suco e ooful. Smirnov e t al. (13) 
o bt a ine d transforme d tob a cco pl a nt s with AgrobaGtori u m tumofaGions using the interf e ron & • 
g e n e und e r 35S CaMV promoter but the expression level w as very low , Eldelbfmrn ft a l . (43) 
^sho we d t o bacco nuc l ear tran s formatio n w i t h Interferon - □ an d the expre ss ion level d etected was 
■ 0.000017% of froch w e ight 

20 vTho numbor of subj e cts infected with h e patitis C virus (HC\Q ic efftim'iteri t o be 1 3 0 

■ million (iS million in Europe a nd 4 million in USA) . S e v e nty p e r c e nt of th e inf e ct e d p e opl e havo 
abnormal liv e r function and about one i th i rd of thes e hav e severe viral hepatitis or cirmosisi It > 
might bo oDtimatod howev e r that there are about 10,000 15,000 oas e s of ohronio inf e Gtion with 
■ hep a titi s B virus (H B V) i n Europe , a s lightly lower numb e r of case s in USA. In Asia th e 

25 (pr e v a lence of chronic HCV and HBV infection i s very high (about 110 million of people are 
wfecte d by HCV an d ab o ut 15Q m il l i o ns are infect e d by HBV) . In Afri ca HCV infection ic v e ry 
preva l ent . Since unremitting r h renic vira l hepatit i s le ads to l i ver cirrho s i s a n d eventually to l ivsr 
ganrpr, thp high prevatenrp of HBV and HCV infection in Asia and Africa accounts for their 

* vory high incid e nc e of hepatoc e llular c ar c inoma. Bas e d on th e s e data^ th e n ee d for IFN o4» 
30 la rg e. IFN-otS is current l y pro d uced in microorganisms by a number of c ompanies and th e prio e 

« of 3 MU (15 Dg) of r e combinant prot e in in th e w e ct e m mark e t ia about $35* Thuo, tho ooot of 
cno yoar IFN a3 ther a py is about $ 1»000 p e r pati e nti This pric e mak e s this product unavailable ' 
* for moot of th e patients in th e world Buff e ring from chroni c viral h e patitiGi Cl e arly m e thods to 

* pr od uce tegs expens i ve rec o mbin a nt proteins vi a p la nt biotechno l ogy innov a t i ons would b e 
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3 a ntiviral th e rapy wid e ly availabl e . B e nidoo, if IFN oc5 is more effi c i e nt than IFN 
■o^ Inwrr rinses maybe required. 

IN S UUN LIKE GROWTH FACTOR I (IGF I) 

5 The Inoulin lik e Growth Faotor prot e in^ IGF I» io an an ab olio hormon e with ft oomploK ' 

□plioing an d uco of different tranccription initiation cit e o (4*1 46) . Depending on the choic e of > 
oplioing, two immature protoino aro produc e d: IGF IA, oxproaaod in s e v e ral tioouea and IGF IB * , 
moaily e xpr e oo e d in liver (45)i Both pr e profcoinc produo e the came mature protein . A an d B 

10 i mmature form s h a ve different lengths and composition, as th e ir t e rmini ar e modifiod poot 
■ translation a lly b}r g l yco^i a tion . However ) these ends are proces s ed in the4ast step of maturation . 
■ Mature IGF I protein is s e creted, not glycosylate d a nd hag tine*? di sulfi d e bon d s j 70 amino -a r iris 
and a molooular w e ight of 7.6 kD (17 49). — Physiologically, IGF I oxproooion io induood by 
* growth hormone (GH) . Actually, the knock out of IGF-I in mice has shown t ha t rfiiver a l functions 

15 ■ attributed originally to GH aro in foot m e di a t e d by IGF I . GH production by a d enohypofis i s i s > 
c e procDod by food back inhibition of IGF I. GH induc e s IGF I cynth e sic in diff e r e nt tissueo^ but 
mootly in liver, whoro 90% of IGF I ic produced ( 4 8) i The IGF - I receptor is expressed irn 
different tioouoo. It io form e d by two polyp e ptid e s; alpha that interacts with IGF - I a n d bet a 
■ iftvolvod in oignal tranoduotion and aloo pr e oent in th e inoulin receptor (50^51) . Thus 8 IGF - I a n d ■ 

20 i nsulin activation ar e cimilap. 

« IGF I io q potent multifunctional anabolic hormone pro d uced in the li ver upQU * 
s rtimul a tion by growth hormon e (GH)i In liv e r oirrhoDio the reduction of r cccpto r a fo r Gil in 
hepatocyt e o and th e diminichod oynthoaio of tho livor paronohyma oauoo a progr e Gciv e foil o5 
s erum IGF - I levels . P a tient s with liver cirrhosiG hav e a numb e r of oyotomio dorrongomonto auoh 

25 m m u s c l e atrophy , os teopeni a; hypogona dis m, protein ■ c a lorie malnutrition which could b e 
r e lated to reduced level s o f c ircul a ting I GF - L Recent stu d ies from Pri e to's l abor a t o ry h a ve 
■ d e monctrat e d that troatmentp with low doc e c of IGF I induce si gnificant improvem e nts in* 
nutrit ional ct a tuc ( 52 ), in testin a l a bcorpti o n (53 55) , ost e op e nia (56), hypogonadism (57) -&ftd> 
liver function — (58) in rate with e xp e rim e ntal liv e r oirrhocic i Th e o e data aupport that IGF I 

30 d e floi e n c y playc a path o ge ni c rol e in s e v e r al syrt e mic complic a tions occurring in liver cirrhosis , 
■ Tho livor c an bo ooncidered as on e ndocrine gland cynth e ciDing a hormon e cuoh ac IGF I with 
important physiologic al f u nctions , Thu s liver cirrhosis sh ould be viewe d as a dis^BBff 
a ccompanie d by a horm on e d efi c iency syn d rome for which replacem e nt th e rapy with IGF I io 
vvQii ' Qiitod Clinioal otudioo aro in pr og r ooo to aaoortoiti tho rolo of IGF I in tho manag e ment of 

35 oirrhotio poticntoi IGF I io aloo boing currently uood for Loron dwarfiom tr e atment , Th e s e' 
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■ liv e r GH roooptor go IGF I io not expr e co e d (59) . Also IGF4, acti n g as a . 
hypogryoomianfr is givon togeth e r with insulin in diabotoo rnollituo (60,61). Anabolio offooto of * 
KjF I are uood in osteoporosis treatm e nt (63,63) hypercatabolicm and starvation d m? to burning 
«and HTV infootion (61,65) i Unpublished studies indic a te thit IGF I could also bff vise d i n pati^ntr 
5 with articular dogan e rativo diseas e (oGtooarthritio)i 

The potency of IGF-I has encouraged a great number of scientists to try IfTF-T rrprf ssinn 
in variouc microorganicmo du e to th e small amount pr e oont in human plaama. Produotion of IGF - 
I in yoaot was Ghown to have sever a l disadvant a ges like low ferment a tion yiel d s and r i sks of . 
obt a ining . und e sir a bl e glycocylation in th e s e mole c ules (66). Expression in bact e ria has b ee n th e 
10 *nflST successful approach; either as a s ecrete d form fu s e d t o pr o te i n lea d er sequences ( 6 7) or 
fuood to a Golubilia e d affinity fusion protein (68) . In a ddit i on, IGF -I has been produced aft * 
insolublo inoluoion bodioo fus e d to protective polypoptidoo (69)i Sun Ok Kim and Young Loo 
(7Qa) expressed TGF - I as a truncated beta » galact os i da se fusion protein« The final purification 
yi e ld e d approximat e ly 5 mg of IGF I having native conformation per liter of bacterial culture . 
15 IGF - I has also be e n expressed in animals. Zinovieva et al. (70b) report e d an e xpr e ssion of 0.5^13 - 
i trig/ml in r a bbit milk . 

■ IGF I circul a t e s in plasm a in a fairly high c on c entr a tion v a ry i ng between 1 2 0 100 ng/rnl 

to cirrhotic patientc th e values of IGF I fall to 30 ng/ml and fr e qu e ntly to und e t e otablo lovolo. 

Repl a c e ment therapy with IGF I in li ver cirrho s is requires adm inis tr a ti o n of 1 , 5 -2 mg per da y f oe 
20 ieach p a tient . Thus, every cirr ho t i c pat i ent wil l rongume abou t 6 QQ mg per year . IGF I ic 

c urrently produced in b a ct e ria (71). The high amount of recombin a nt protein neede d for IGF -I 

^placement therapy in patients wit h li ver cirr h osis will rnafr? this tre a tment exceedingly . 

^ expensiv e if new methods for che a p produ c tion of recombinant proteins are no t d eve lo pe d.' 

Booidoo, ao doooribod above, IGF I io uood in troatmont of dwarfiGmi diabotoo^ oot e oporooiOi 
25 s tarv a tion and hypercatabolifim . — IGF - I u s e in o s teoarthritis is currently being inv e stigat e d . 

A g a in , plant biotechnology coul d provide a solution to mak e economically f e asible th» 

application of IQFml therapy to ail thpse patients » 



30 STTMM 'SPY f>F TTT F TM^HF i NTIf MS- 

The pre s ent i nvention develop s recombinant DNA vectors for enhano e d e xpr e ooion of 
* human serum albumin^ insulin - lik e growth factor I, and int e rf e ron □ 2 and 5» via 
ghloroplaot gonornoo of toba c co , 
optiminen proc e ssing and purifiontion of pharmaooutioal protoino uoing ohloroplact v e ctoro in 
35 ■ c<?li 3 and> 
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The traajguii o oxp r oaaion of protoina or fuoion protoino io oboraotoriHod using mol e cular and . 

4?iochernira1 methods in chloropl a etc . 
■ Bxioting or modifi e d methods of purification ore employed on transg e nic leav s c . 
5 Mondolian or maternal inheritance nf frmfigenic plants is analyze d. 

Lorgo gcqIq purification of therapeutic proteins from tr a nsgenic tobacco and comparicon of 

e urr e nt purific a tion methods in £ , eoii o r yeast is performed , and 
^ natural refolding in chloropl as te is compare d with exi s t in g in vitro proce ss ing metho ds; 
/?orapariE Q nfch9 rasterization (yield imd purity) of ther a peutic prot e inc produced in y ea ct or 
10 - Exooli with tranc g e nie tobacco chloropl a ste ic performe d , a G ar e 

4n vitfo and in vivo (pr e clinical trial c) stu di es o f pr o te i n hirvmncti o na l ity . 

' DETAILED DESCRIPTION OF THE INVENTION 

When tho oonoopt of chloroplast genetic engineering w as d eveloped (77,73),, it wa s 
15 possible tn intrnrlnre isn1ate.fi intact c.hloroplasts into protoplasts and regenerate transgenic plants* 
(7 4 ) . T h erefore) ear l y invest i gati o ns o n chl o roplast transformat ion focu s ed on the d eve lo pment 
uaf in organella systems using intact chlnrnplasts capable nf efficient and prolonged transcription 

jaanrf tmnnlntmn (7^ "77) nnH PYpr^rriPkn rtf frt^ijjn rrnnnr i^n ie/Mat*^ ^W^p]^^ (7ff) TTrmwr^ 

after the di scovery of the gene jjiin as a transformation device (70) , i t was possible to transform 
20 plant ohloroplactc without the use o f i s o l ate d plast i ds and pr o t o pl as t s. Ch lo r o pla s t genet i c 
engineering was accomplished in several phases — Transient expression of foreign genes ia 
plaotidc of diootc (8Q S 81) was followed by s uch s tudie s in monocotc (82) . Unique to th e 
Mldoioplaal genetic engineering io tho developm e nt of a for e ign gene expres s ion system u si ng . 
auton o mously rep l icating chloroplast expression vectors ( 8 0) Stable integrati o n of a se l ectab l e 

25 mnrlmr jrnnn intn thn tnVinnpn rVilnrnploct ^^mp (Ziy „, Qg Q ] ort o^r^pipljffrAH nc^g tV^ go ne 

gufti H o w e ver ^ usefu l genes conferring va l uab l e traits via ch lo r o p l ast gen e tic engineering h a v e 
* taoon domonotrat e d only r e c e ntly ! — For example, plant s re s i s tant to B . t . sensitive i nsect s w e re* 
ob tained by integrating th e cryilAc gene into the tob a cc o ch l oropl as t genome (8 4 ) . Plants re s i s t a nt 
to R t Tesistant inserts (up tn diQjOOO fold) were obtained by hypernexpression of the gry&d gene 

30 within thft t o bacc o ch lo r o p l ast gen o me (85) . P l ants have a l s o been gen e tioally onginoorod wa tho 
' Lhluiopleut gcnonio to oonfor horbioid e r e ciptance and the intr od uced f o reign genps were 
mat e rnally inheritedj overcoming the pr o b l em of out ■ cr oss with wee d s (86) . Chloropl a st genet ic 
engineering technology is current l y being appli e d to othor uooful eropq (73,67) . 

■ A remarkable — featur e of ch l oroplast — genetic — e ngin ee ring io th e obs e rvation of ' 

35 exceptiona l ly large arrnrnulati o n o f f o re i gn prot e in s in transgenic p la nts, ac much as 46% of 
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n total soluble protein, , even in ble a ched old l e av e s (3), St a ble exprccGion of g 
. ph?rrmr;eutical pr o tein in chloropl a sts wac first reported for GVGVP, a prot e in baood polymor 

■ with wnri a d mnHiril 'ipplinntinnr (rnrVi ir the* pTf^ntirm nf pnct.cnrp^al aHUinnc anH g^rc^ 

' wound oov e ringp, artifioial p e ricardia, tiGPu e r e construction and programmed drug d e livery (88))i 
5 S ubp e quently, e xpr e ssion of the human somatotropin via the tobacco chloroplast genome (9) to 
high lovoJo (7% of total Golubl e protein) wac observed . The following i nvest i gat io ns that are i n . 

pept id es j entire oper o ns, vacci n e s th a t r e quire oligom e rio prot e uiG with otablo dioulfido bridges^ 
^nd monorinnak that require assembly of heavy/light chain? via rhaperonins 

10 - In plant and animal oollc , nu c l e ar rnRMAs a r e tran d a ted monoci s tr oai caUy . This poses a 

seri o us pr o b l e m when ennjir i ppring mult i ple genes in p l ant s (9 1 ) Therefore, in o r d er t o expres s. 
th e polyhydroxybutyr a te polymer o r Guy' s 13 antibo d y, sing l e genes were first introduced in to 
individual tranpg e nic plants then thes e plants were back - cro s ced to reconstitute the entir e 
p at h way or the c o mplete protein (9 2, 93). Similarly s in a o e v e n y e ar long effort, Yo ot al. ( 8 1) 

15 recently introduce d a s et of t h ree genes for a short biosynthetic pathway that resulted in p 

■ oarot e n e oxprooGion in ric e . In contrast, most chloroplast genes of higher plants are cotr a n s crib e d 
( fll) i BKproPGion of polycictronB vi a the chloropl as t genome provid e s a uniqu e opportunity to 
OKprooo ontiro pothwayo in Q c ingle transformat io n event . The Badlha thuringiemif (Bt) 
.fry? A a? npe.rnn has re.r.ffntly been used as a model system tn demonstrate operon expression and« 

20 rrryctal formation via the c al omplast genome (3) Pry? A a? is the riirtnl gene nf a three « n;ene 
gipernn The orf immediately upstream of cr)f2A a2 c o de s f o r a putativ e chaperonin that faoilitatoo 
th e folding o f or>i2Aa 3 (and other proteins) to form prot e olyticalry stabl e ouboidal oryptolD (9*1) . 

Th e r e for e j th e cry2Aa2 bacterial operon was expre ss ed in tob a cco chloropl a st s to te s t th e 
re s ultant transgenic p l ants f o r i ncreased e x pression fin d unprove d per sis tence o f the a ccumul a ted 

25 insectic i de ! pr o tein(c) , Stab l e f o re i gn gene integrat io n w a c confirm ad by PCPt and Southern blot 
anolyoio in T o and Ti trancgonic plants ! C?y2Aa3 operon d e rived prot e in accumulated at 15u3% of 

■ th e tot a l soluble prot e in in m a ture leaves and rem a ine d s table even in ol d ble a che d le a ves 
<46 1%)(Fignre 1) — This is the highest level of f o reign gene e x pres sion ever reported in 
tnrnfinrnir plants — Exceedingly d ifficult to c on trol insect s (10 - d a y old cotton boll worm > 

shnweri the presenre nf the inserticidal protein folded into cuboidal crystals similar in yhape to 
Cry?Aa° crystals nhservpd in Rnriflw thuringiensis (F i gure 2) . I n c on trast t o currently marketed 
tranc gen i e plants w i t h soluble CP , Y prot e ins^ folded protoxin crystalc will b e proo e cc e d only by 
targot inooctc that h a v e alkalin e gut pHj t hi n appro a ch shoul d i mpr o ve safety o f Rt tnmgfle aic. 
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llp.n Tn aHHi'frirm tr> fliftcp PTiwirnTvmpn tally fnVnHly ipprmrhfiCj thir nVinnrrrnti nn 
shnnld sftrvp ac a mnrlpl cyctpm far largp-gralp prnrhirtinn nf fnrpign prnfrpiirg within rhlnrnplflgtfi 

in a f old e d configuration enhan c ing their s tab i lity and facilitating single s tep purification ! This ic 
the fir s t demonstr a tion of expre ss ion of a bacteria l operon in transgrnir pla n ts t a nd open s the 
5 door to engineer novel p a thw a y s in p la nts in a singlr transform a f inn event 

4t io oommon knowledg e that the medical community has been fighting a vigorou s b a tt l e^ 

aaningf Hrng rPQigfant pgthnqprnr Vinrtprin fnr ypgre Patinnir anting rtprial pppti Her fmm 

mammalfj flmphihiang and insects h ave gaine d mo re attention over tho lact dooado (95). Koy * 
features of these cationic peptides are ft net positive rhargPj an afflmt^r for negativefy-rhargerh 

10 pm^^tip ma^rotip pn^cpfmlipiHe avpt nmitrQl-.nVioTQpH AnIrQrynrir mpmrvrQn*P onrl tVifl nhility 

to forrn nggrogatoo that dicrupt th e b a cterial membrane (96) 

TViptp ATP thrPP mqjnr pppriHpq wifrh nr-hpKral gtmr.tnmg r.ftr.rnpin frnm Mynlnphnrn 
^rmpin (giant cilV nW>i) ma^ininc frnrn Yrnnpnr //wife (African *™g) Hpf^ncinc frnm 

mammalian neutrophils. — Magainin and its analogues have been studied as a broad-rsprrtnim 
15 tftp i ral agfrnt) a n yntirmr antibint i vj a H'mmd- r ral in g fiti r m il anti a n f l an a n tiTa n ^T ag^nt ( Q 7) i W?- 
have recently observed that a synthetic lytic peptide (MSLflQj ?? amino acids) can bffl 
successfu l ly e xpr e cce d in t o b a cco chl o ropl a et (98) , The peptide retained ite Initio a ctivity againct 

■thn ph^rrnpnthnpan^ n^tprii Prm^mni^f ^n^ngrto sr>H rrmltiHmg j TPcictant Tinman pathnopn 

Psoudomona£ aer u ginosa * The anti . microb i al pept i de ( , AM?) used in this snirfiy wrav an , 
20 .amphipathir alpha-helix ranlemlp that has an affinity for negativity charged phospholipids 
oomnonly found in tho out e r m e mbran e of bact e ria . Up on c o nt a ct w i t h these mrm branny, 

-^jii^nnl ppptiH^o g ggw»gQtA in f^-mn pr^c in thp TnPmnronPj r^mltinrt in hnrtaHnl lyri c 

B e c a use o f the conc e ntration dependent action of the AMP, it was expr e oood via tho ohloroplaot - 

■ gonomo to aooomplioh high dooo dolivory at th e point of infoction . PCR. produotp and Southorn 
25 bloto oonfumod ohloropl a ct int e gration of the for e ign g e ne s a n d h o mopl a smy . Growth a n d. 

development o f the transgen i c plants wa s unaffecte d by hyper-expre ss ion of the AMP within 
c taloroplactc . In vitro decays with T 0 and Ti pl a nts c onfirmed that the AMP waG exprecced at 
high levolG ( 2 1 . 5 to 43% of the tot a l s oluble pr o tein) a nd rrtmnrrt biol o gic al a ct i vity again s t 
P t Boudomonas syringao, a major plant pathogen. In situ as sa y s re s ulted in inten se areas of 

30 rjf»r.rr>gig flrminn ihf> pmnt nf itif^Hnn in rnnfrnl IpsnrPCj whiU francfnrm^H lpQWf»r rtirvnraH nr> 

s i gns o f necr os i s ( 2 Q Q- 8Q0 ug o f A MP a t the s i te o f mfertion)(F i gure 3 ) . Ti in \ntro acc a yc 

■ a g a inct Psaudomon a s a or u ginoea (a multi drug r e oiotant human pothogon) dioplayod a 96% 
•in hibition of growth (Figure 4)i Thooo reoulto givo a n e w option in tho battlo againot 
phytopathog e nio and drug r e oiotant human pathog e nic b a ct e ria . Sma l l pepti d e c (lilrf* insulin) ar? 
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lost organising. How e v e r, otability of thip AMP in chloropl as ts opens np thifr 
compartment f o r e x pression of hormon e s and oth e r email p e ptidoo . 

* Expre s sion of cholera toxin (3 subunit oligomors as a vaccine in ohloroplacts 

5 Wbrno ohohrac, which onuooo aouto wat e ry diarrh e a by colonizing the small integtirtp ?nri) 

prnrinn'ng the pntprntrmn,, rhnlrra tmrin (CT) Hhnigra tnvin ic a Vi^vampHr AR^ prntpin. 

r*^ncirti' P ^ ^ti ? |/w^ 77frT> A ryvNnit having APP ribft E yl tra n fif Tflfi P activity a Tiantq?riff 
pentarner of 11.6 kDa B oubunitc (CTB) that bindD to th e A cubunit and faoilitatoc itc e ntry into 

thn intnntinni npithnlifll ppHc CTR whpn aHrmrnctftrprl nrally (QQ) ic a pntont mnrn^l immnrn^n, 

10 which can neutralise the toxicity of the CT holotoxin by provonting it from binding to tho^ 
• "intestinal oolla (100). Thia io boliovod to be a r e sult of it binding to e ukaryotic o e ll surfac e d via 
■■ the C^4] gangliosid e s^ r e c e ptors pr e c e nt on the int e stinal e pithelial surface^ thus eliciting a - 
mucosal immune r e spons e to pathog e ns (101) and onhanoing th e immun e r e oponoo whon 
o h e mi c ally coupled to oth e r antig e ns (103 105) . 

15 Gholora toxin (CTB) hue pr e viouoly bo e n express e d in nuclear transgenic plants at l e v e ls ■ 

■ of 0 ^ 0 1 (leaves) to Qi3% (tubers) of tho total soluble prot e in. To incr e aoe e xproooion lovolo, wo 
e ngineered th e ohloroplaot g e nom e to ojcprooo th e CTB geno (10). W e obs e rv e d e xpr e coion of 
oligomcrio CTB at lovolo of 4 S% of total oolublo plant protoin (Figure 5A)i PCR. and Southern 
■ Blot analyooo oonfirmod otablo intogration of tho CTB gono into tho ohloroplaot gonomoi Wootorn 

20 blo t an a lysis showed that transg e nic chloroplaot e xpr e ocod CTB was antig e nioally id e ntioal to 
oornmoroially availablo purifiod CTB antigon (Figuro 6). Also, gangliooid e binding assays - 

c o nfirm th a t chloroplast synthesized CTB binds to the intestinal membrane receptor of ch o lera 
t oxin (Figur e 5B) t Tranogonio tobaooo plants w e r e morphologically ^di s tingui s hable fr o m 

» wntranoform e d plnnto and th e introduc e d g e no w a c found to be gt a biy inh e rited in the subs e qu e n t 
25 gener a tion ir confirmed by PCR and Southern Blot an a lys e s . Th e inor e ased production of a n 

' ^ffieien t traaamuc o sal carrier m o lecule and delivery system, like CTD, in chlo r oplnsto of p lants 
moJceo plant baood oral vaooinoo and fuoion protoino with CTB n ee ding oral adniinistration, o ) 
muc a more feasible approach* This also establishes un e quivocally that ohloroplacts ar e capabl e 
of fonming, disulfide bridges to aoo e mblo for e ign proteins. 

30 

Expreaaion and asBcmbly of monoolonnlo in transgenic chlorop la gts 

Dontal oarioD (ocvitioo) io probably tho moot provalont diooaoo of humankind. 
C o l o niza t i o n o f teeth by ig. muiuns is thi single m o s t important riak faoto f in tho dovolopmont of 
dontal oariea. S. muto r w is a non ' motile, g r am positive eoccua. It colonises tooth aurfaooo and 
35 s ynthoaigca glucan a (insoluble p olysacchp- 1 ' 1 ^ nmt l fjuotano from ouorooo using th e e na^rme s 
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r a se an d :fruetosyltrans£ e rafie respectively (106a). The ghic a n s p l ay an important 
rele by allowing tho baotomum to adhoro to tho omooth tooth ourfao e o. After its ad here n ce , the 
b aot e rium f e rm e nts sucros e and produooc laotio aoidi Laotio aoid disaolvoo tho minoralG of the 
toothy producing a cavity. 
5 » A topical monoclonal antibody th e rapy to prevent adh e rano e of S. mutatis to t ee th hac 

rooontly boon d e v e lop e d. Th e inoid e no e of oariog e nio baot e ria (in humono and animalo) and 
dontnl oari e c (in animals) wac dramatically reduced for periods of up to two ye a r s after the 
ee oGation of th e antibody th e rapy , No advoroo ev e nts woro dotootod oithor in tho oxpoood animate 
■ or in human voluntooro (106b). Tho annual requir e m e nt for thio antibody in th e US alon e ma)* 

10 rfovontually oxo ee d 1 m e tric ton. Th e refor e 5 this antibody was e iror e oo e d via th e chloroplaot 
gonomo to aohiovo higher l e volo of e Kpr e coion and prop e r folding (11). Tho integration of 
■ antibody g e n e s into the chloroplaot g e nome was confirm e d by PGR and Southern blot analytic . 
Th e e xpression of both hea^ry and light chains was confirmed by western blot analycio und e r 
re d ucing c o n di t io ns (Figure 7A»B) , The expre ss ion of fully as sembled antibody wao confirmed 

15 b y western blot analy s is un d er n o n - reducing con di ti o ns (Figure 7C) . Thi s i s the fir s t report of 
ouooPDoful noo e mbly of a rmilti cubunit human protein in transgenic chloroplastsi Production of 
monoclonal antibodies at agricultural Wpl should TPrinnp, their rnsf and rreate new applications 
ofmonnrlon^l fmtihnriies 

■ MMAN S ERUM ALBUMIN 

20 Nuclear tranoform fttiott- 

■ Th e human HSA cDNA was cloned from human liver cells an d the p a t a tin prom o t e r 
frwhosff irrpresrinn is tuber specific (107)) fuse d a l o ng w i th the leader s equ e nc e of PIN U 
{protoinaoo II inhibitor potato tranoit peptid e mat dir e cts HSA to th e opopl a st (108))i L e af discs 
■e f D e oir ee and Kenn e bec pot a to plants were transformed u s ing AgrobaGiQriiw i tumofaoiom i A 

25 to ta l o f 0 8 tran s genic Deeiree c lo nes and 3 0 Kenn e bec clones wer e t e st e d by PCPi and wootorn 
fe lots. Western biota showed that tho r ooombinont albumin (rHSA) had b ee n prop e rly cleav e d by 
-flu? prrtHnnfr TT in ^"^it p^pt^ (c»g™-» Q) p^p^cei^r. w f Ai P ^fKMh ^^v"rc »™™ t«»ry. 

difforont among all transg e nic clonoo an expected (Figure 9) , probably because of position offocto 
and gene silen c ing (89,90) , The population distribution w as s imilar in both cultivare i majority of 

30 . tran s genic clone s showed expres s ion levels between 0 . 0 4 and 0.06% of rHSA in the total solubl e 
protein. Tho majdmum rooombinont HSA amount mmr e oo e d wao 0.2%, Botwoon one and fivo T 
SNA ins e rtions p e r t e traploid g e nom e wer e obs e rved in thes e clon e s . Plants with higher prot e in 
exp ress io n were a l ways clon e s with o e v e ral c opi e o of th e HSA gono. Lovob of niRNA wore 
a aalya e d by North e rn bloto i Thorp wao a correlation b e tw ee n tranooript lovelo and rooombinnnt 

35 albumin aooumulation in tranogonio tuboro. Tho N tarminnl o e quonoo ohowod prop e r cleavag e of 
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_ ***** Qy H th° qmin^ +~~"iinnl g^ ,0T ^ />0 K^ yQQn r^TTi^rm* orirt k"™™ TTQA 
■ identical. Inhibition of potatin ojtproooion uGing th e antioonoo toobnology did not improve the . 
amount of rHSA. Avorago oreproooion lov e l among 29 tranog e nio plants was 0 . 03 2 % of tot al 
^iambic protguij with ? rnfixirrnrm expression of 0,1%. 
5 ■ Tiunufuiiiiation of tfao tobaooo ohloroplast, genom e was initiated for hyperexpres sio n o f 

■ IIEA. Tkc codon oom p oaition io ideal for ohlofoplact e xpr e ssion and no chang e s in nucleotide 
• ooquonooo w e r e neo e ooary. — For a ll tho oonotnirtfl pT . D v e Gtor wac us e di S e veral vectors were 
doaignod to optirnigo USA oxpr e spioni All these contai n ed ATG as the first amino arid of thr 
i m a ture prot e in . 
10 » KB 6 ATG HSA 

Tho firot vootor inoludod tho gono that oodoo for th e matur e HSA pluc an additional ATG 
ao a tranalation initiation oodon. Wo inoludod tho ATG in ono of tho primora of tho PGR, 5 
nucleotides downstream of tho ohloroplaot proforrod RBS ooquoncc GGAGG. The. eDNA 
s e quence of the maturo HSA (olonod in Dr. Mingo - Castel' s l a bor a tory) w as used as a temp l ate , 
15 The PCIt pr o duct wao e louod into FOR 2.1 vootor, oxoiaod aa an EooRI NotI fragment and - 
■ introduood into th e pLD v e cte fc. 



The 200 bp tobaooo chloroplagt DNA fragmont containing th e 5' pGbA UTR -wa» 
^amplified uaing PGR and tobaooo DNA ao tomplato. Tho fragmont wa3 cloned into PCR 2.1 ^ 
20 yootor, oKoiood EooRI Nool fragmont wao insert e d at th e Ncol cite of the ATG HSA and finally 
inserted into thfr pJ , D vector as an EcoR J UN o t l fragment d ownstream of the 16S rRNA prom o ter 
( " to onhanoo translation of thf prntrtn 
BtORFl 1 2 ATG USA 

■ ORT1 and ORT2 of the Bt CfydAaB oporon w e ro amplified in a PCR i using the c o mp l ete 
25 « oporon ao a tomplato. Tho fragmont woo olonod into PCR 2.1 vootor, oxoiood ao an EooRI EcoRV 
. fr a gm e nt, inserted Tit EcoR-V site with th e ATGH S A sequence and intro d uce d int o the pLD > 
Yf-ffrtffr n r. Tin FtmF I NotT fTncmffnt . Thti CPF1 n nt i ^FF? wrniff fnrtri uprfmim nf thit ATG H l SA 
Dooauao of tho ajmilarity of protein synthetic machinery (109) , expression of nil 
ohloroplaot vootoro wao firot t e ot e d in E.ooli b e for e their use in tobacco transformation ! Difforont 
30 j ew els o ff cxp r caaion wo r e obtainod in £. ooli d e p e nding on the constru c t (F i gure 1 0) Us i ng tee 
pshA V TTTT? an d t h e QBJ 1 a n d ORF 3 of th e Gry\2»i&3 op e ron^ w e obtainod highor lovolo of 
OKpreooion than uoing only tho KB Si Wo have observed in previous oiroorimonto that HSA in E. 
g&U is somp1i?ti?1y ia sotubte (ac i s sho wn in ref lrt), probab l y d ue t o m improper f o l d ing resu l t i ng 
from tho abo e nc e of disulfid e bondp , Thic ie th e re as on why the protHn is precipitated in the gel 
35 (F i gure 10) i Differ e nt polyp e ptid e siz e s w e r e obs e rv e d^ probably du e to incompl e t e translation . 
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iff. eoli and ohloroplaat have oimilar prot e in aynthoaio machin e ry » ono oould e xpoot 
^■ ffor e nt l e velc of e xpr e cGion in transg e nic tob a cco chloroplastE depending on the regwlat o ty 
poquonooo, with th e advantage that disulfide bondo ar e form e d in ohloroplactc (9). Theoe thr e e 
frootoro wore bombardod into tobaooo loaveo via partiole bombordmont (110) and aftor 4 waolco 
5 small shnats appeared as a result o f independent tr a n s formation e v e ntd 

INTEIUTEItON DS 

^ Interf e ron D5 h a s not b ea n e KproGood y e t ac a oommoroial rooombinant protoin. Tho firot 
attempt haG boon mad e rec e ntly , Th e IFN US g e n e was olonod and th e o e qu e no e of th e nurtur e 

10 protoin w a s i nc e rt e d into the pET 2 8 v e ctor , th a t in c lu d ed th e ATG , hictidin e teg for purificat i on 
and thrombin oloavago pequ e nc e cj Tho taggod IFN D5 woo purifi e d first by binding to a nic k e l 
oolurnn and biotinylat e d thrombin woo them uGod to oliminato tho tag on IFN □ □. Biotinylntad 
t hrombin wa s removed from the prep a r a tion u s ing s tr e ptavidin agaro s e . The expre ss io n levg l was 
5. 6 naiorogramo p e r lit e r of broth oultur e and tho recombinant protoin was active in antivir a l 

15 a ctivity simil a r or higher than commercial IFN-D2 (Intron Aj Sph e ring Plouth) i' 

ift auiin lilc e Growth Faotor I (IGF R 

Rcoont fltudioo havo domonatratod that troatmont with low doooo of IGF I induc e d 
significant improvements in nutritional otatuG (52), intestinal absorption (53-55), oataoponin (56), 
20 *hypogonadiom (57) and livor function (58) in rats with experimental liver oirrhoaia. These da t a 
pupport that IGF I deficiency plays a pathogenic role in sev e ral systemi c complic a tions occurring 
in livor oirrhoaia. — Cliniool otudioo oro in progrooo to oooortain tho rolo of IGF I in tho 
i rnanagement of cirrhfltir patient s. Unpublished s tu d i es indicat e that IGF I oould aloo bo uood in ' 
poti e ntG with articular d egenerative dise as e ( o ste o arthritis) 

25 

- fexporimon tel 
HExamplo 1 

Evaluation uf tliloroplaot gone expressi o n 

A oyotomatio qpproaoh i s uocd to identify and overcome pot e ntial' limit a tions of fore i gn 

30 gene express io n in c hlo rop last s o f transgenic plants , This OKporimont inoroaooo tho utility of 
ohl o ro p laat transformation oyotem by GcionticftD interested in expre ss ing other foreign prote i ns » 
■ Theref o re*, it is im p ortant to oyatcmatioolly analyso tranaoription, RNA abundano e , RNA 
st ability, rate of prot e in Gynth e oiG and d e gradation^ proper folding and bi olo gic al activity The 
mtc o f tronacription of tho introducod HSA geno io oomparod with th e highly e xpr e c siftg- 

35 e ndogenous chloroplast ge n e s (rboL, psbA) 16S rRNA), uoing run on tranooription aooayo to 



WO 01/72959 



117 



PCT7US01/06288 



l e 1 6 SrRMA promoter ic op e rating qo wipootod. Tho tranooription offioionoy of 
transgenic chloroploat containing oaoh of tfao throo oonotruoto with differ e nt 5' regions i s teste d. 

rolcilivo to ondog e nouo rboL, 16S rRNA or pobA. Thooo rooulta, ' along with run on tranaoription 
5 . assays, prnvirir valuable inform a t io n o f RNA s t a b i lity, pro c e ss ing , e tc. — RNA appears to be 
■e xtremely stable based on northern blot analy s is. This system a tic study is valu a ble to a dv a nc e 
utility uf tliia 3yatem by othor aoiontioto. Moat importantly, tho offioionoy of translation io t e ot e d 
in isolat e d chloroplasto and compar e d with the highly tranDlat e d ohloroplaot protoin (pobA)i 
Pul30 ohaao cxporimonto holp aflfloao if tranolational pauoing, pr e matur e t e rmin a tion occurs ^ 

10 fivoluotion of pero e nt RNA load e d on polycomoo or in oonotruoto with or without 5'UTRo holpo 
to determine tho offioionoy of tho ribooorno binding oito and 5' ot e m loop tranolational enhanc e rs . 
■ Codon optimis e d geneo (IGF I» IFN) ar e compar e d with unmodifi e d gen e c to inv e stigat e th e rat e 
of tronolatioiu paucing and t e rminatio fti — A 300 fold diff e r e nce in accumulation of foreign 
protoinG duo to dooroaooo in protoolyoio oonf e rred by a putativ e chaperonin (3) was obs e rved i 

15 ' Thoroforo^ protoino from oonotruoto oirproooing or not oxproooing tho putative oha p o r onin (with o r 
without ORFl * 3) provido valuablo information on protoin otabilityi 

Example 2 

■ EnproDGion of tho mature protoin 

20 ' HSA, Intorforon and IGF I aro pro protoino that n ee d to be cleav e d to oecrete mature » 

proteins . The codon for translation initiation is in the pr e cequence. In chloroplastc, th e n e c e ssity 
of QKproooing tho maturo protoin foro e c introduction of this a dditional amino a ci d in coding 
floquoncoo. In order to optimiao ojeproaoion lovolo, wo firot oubolono tho ooquonoo of tho maturo 
■ protoino boginning with an ATG. Subooquont immunologioal aooayo in mioo dornonotrat e o th e 

25 s ierra mothionin e cauo e o immunogenic resp o n s e a n d lo w b io activ i ty , A lternat i ve l y , sy s tems may 
■ alflo pro duo o tho maturo protoin. Th e s e oyDt e mo oan inolud e th e cynthesis of a protein f us e d to a 
poptido that io oloavod intra oollulary (proo e oo e d) by ohloroplact enzymes or the uce of chemical 
or e nsymatio cle a v a go after partial purification of protoino from plant c e llc . 

30 4j'oe of peptidefl that aro cleaved in ohloroplaot 

S taub e t al . (9) report e d chloroplast e xpr e ooion of human somatotropin similar to th e. 
nativo human prot e in by uoing ubiquitin fuciono that w e r e cl e ave d in the strom a by a n ubiquitin 
proteas e ! However, th e pro ce ssing offioionoy rongod from 30 80% and tho oloavago oite wao not 
aoourat e i In order to proo e oo ohloroplaot oxprooaod protoino a poptido which i s cleaved in the 
35 stroma io oooontial. Tho transit poptido ooquonoo of tho RuBicCo (ribulooo 1,5 biophoophato 
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mall oubunit io on idoal ohoioo. Thio tmnoit peptide has boon otudiod in dopth 
(111). RuDisC o is one o f the pfotoino that io oyiithooigod in cytoplasm and transported. 
pootranolationally into th e ohloroplaot in an e n e rgy d e p e ndont proc e ed The trancit peptid e ic 
' prot e olytioally r e mov e d upon tmncport in th e Gtromn by th e ctrornal proc e ssing peptidaoo (113) . 
5 Thor e ar e cev e ml o e quences described for different speci e s (113). A transit peptide c onsensu? 
g oquono e for the RuBioCo email oubunit of vascular plants io published by Keegstra e t al . (11*1) . 
The amino aoido that oro proximal to tho C t e rminal (11 59) nro highly oono e rvod in tho higher 
p lant transit ooquonooo and belong to tho domain whioh io involvod in ongymatio oloavago (1 1 1) ? 
Tlu? RuBibCu small biibimit transit p e p tide has been fused with variouo markor prot i ine 

10 (1M 3 11S) 3 e v e n wit h nn i mnl prot e ino (1 16^1 17) 5 to targot protoino to tho ohloroplaot. Prior to 
Cianofonmation otudioo, tho oloavago offioionoy and aoouraoy are toot e d by in vitro tranclation of 
tho fuoion protoino and in organella import otudioo uoing intnot ohloroplaoto. — Thoroaft e rv 
kn o wing tho c orr ect fusion ooquonoo for producing th e matur e protein) s uch s eque n ce enc odi ng i 
th e amino terminal portion of tobacco chloroplact transit peptid e ic link e d with th e matur e 

15 QQquence of each protein , C o don comp o s i ti o n of rhr fobnrcfl ftnRisrn ?rrmll suhnrrif frnnrit i 

30). Addition a l tranoit peptide cequ e nc e c for targeting and cleavag e in th e chloroplact havo b ee n 
deacribod (111). Tho lumen of thylakoido oould also b e a good target b e c a use thylakoidc are 
r eadily purified. Lumonal protoino onn bo freed either by oonioation or with a vary low triton 
20 X100 concentration}, although thic requir e o incertion of additional Tminn acid G e quenc e c for 
effiffignt import (1 1 1) . 

"Example 3 

Uoo of ohomicnl or e mrymntir c le avag e 

25 Tho otratogy of fuoing a protoin to a tag with affinity for o oortain ligand haa boon uood 

e xt e ns i ve l y f o r more th a n a d eca d e to enabl e a ffinity purification of rooombinant produoto (118 
1 00). A vaot numbor of oloavago mothodo, both ohomioal and origymatio s hav e be e n invoatigatod 
for thic purpoo e (120)i Ch e mloal cl e avago methods have low sp e cifioity and th e r e lativ e ly harsh 
oloavago oonditiono oan r e oult in ohomioal modifications of th e r e l e as e d produoto (130); Some of 

30 tho enaymatio m e thods off e r signifloantly higher cleavag e specificitie s together with high 
e ffici e ncy^ e. g. H64A cubtlliGin^ IgA protoaoo and factor Xo (119|130)» but th e c e enaymeo havo 
tho drawback of b e ing quite exp e nsive . 

Trypcinj) whioh ol e av e o C t e rminal of baoio amino aoid r e siduec, has b ee n uc e d for a long 
time to oloavo fuoion protoino (14,121). Doopito ojepoot e d low op e oificity, trypsin hac been chown 

35 to b e us e ful for op e oifio oleavago of fuoion protoino, loaving baoio residues within foldod protoin 



WO 01/72959 



119 



PCT/USO 1/06288 



■ waged (121). The uao of tryporn only roquiroa that tho N torminuo of tho maturo 
pgotoin bo aoooooiblo to tho proteas e and that th e potential internal cit e c arc protect e d in the 
nativo conformation. Trypoin hao tho additional advantage of being inoxponoivo and roadily 
wailablo. In tho oaoo of HSA, whon it woo e xprooood in E. coli with 6 additional oodona coding 
5 * F o? a trypain oloavago aito, HSA wao proooaood ouooooofully into the matur a protein oftor 
fr e otrn e nt v , ith th e prot e as e u In addition) the N - terminal s e qu e nce was found to be uniqu e and 
i dontioal to tho ooqu e no e of natural HSA; th e conv e rsion was compl e t e and no d e gradation 
products wore obs e rve d (1 4 ) , This in vitro m a turation is selective be c ause correctly fold e d 
albumin io highly rooiotant to trypcin oloavag e ot inn e r cit e o (14)i Thic cyot e m oould b e teot e d fop 

10 ohloroplaoto HSA vootoro uoing protoin onprooood in E i col i. 

' Otaub ot al. (9) domonptratod that tho ohloroplnct mothionin e a minopgpti d asr iff active an d 
thoy found 95% of r e moval of th e firot mothionin e of cm ATG oomatotropin prot e in that woo 
oitprooaod via tho ohloroplaot genom e . Ther e oro D B vorol inv e otigationo that hav e Ghown a vary 
ctriot i patt e rn of cleavag e by this peptidase (12 3 ) . Methionine ifi only removed when s e cond 

15 y ooiduoo aro glyoino, alanino, o e rin e s cysteine^ threonin e , proline or v a line, but if the third amino 
aoid io proline the oloavago io inhibited. In th e e xproDcion of our thr ee prot e ino w e uo e thio 
* approaoh to obtain tho matur e protein in the cac e of Int e rferon booauoo tho penultimate 
ominoaoid ia oyotoin followed by aopartio aoid. For HSA th e o e oond aminoaoid io aopartio aoid 
end for IGF I glyGino but it io follow e d by prolin e ^ co the oloavag e io not dopondablo. 

20 For IGF I e xpr e ooion, th e uc e of th e TBV prot e as e (Gib c o oat n 10137 017) would bo 

id e ah Th e ol e avag e- Dito that io rooogniaod for thio protease ia Glu Aon Leu Tyi ^ Phc - Gln - Gly and 
4t outa botwoon Gin Gly. Thio Dtratogy allowD th e r e l e ac e of th e maturo protein by incubation 
Mf iik TEV p rotoaao leaving a glyoino ao tho firot amino aoid oonoiotent with human maturo IGF I 

25 Tho purification oyotom of tho & coli Intorforon D5 ouproooion mothod wao baaod on 6 

Hiotidino tagc that bind to a nick e l oohmnn -nnd bioturylated thrombin to e limin a t e tho tag on 
t FN D5. Thrombin r e oogniBOO Lou Val Pro Arg Gly Se r and outc b e twe e n Arg and Gly. Thin 
le av e s two e xtra amino a cids in the mature protein, but a ntiviral activity s tu di es h ave s hown th a t 
t his protoin is at least ao activ e ao oommoroial EFN D2. 

30 

E xftmplo d . 

Qptimigation of gen e ex pr e ssion 

Poroign gon e o are e xprooood betw ee n 3% (er)\2 A a2) a nd <17% {cryQ A a2 opgr o n) in 
a ronsg e ni e c hlor o pl a ctc (3 , 8 5 ) , Bao e d on th e outcom e o f the eva l u a tion of HSA chl o ropl a ct 
35 <ranogonio plants^ D e veral approaohoo oan b e used to onhanrp trans la tion o f t h e rec o mb i nant 
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te rmphsts, tran s cripti o nal regulation of gono oxproaoion io looo important, although 
aoniQ modulationo by light and dovolopmontal oonditiona arc oboorvod (123). UNA atnbi fefo 
' appooxD to bo ono among tho loaot problomo beoauoo of oboorvntion of e xo e ooiv e aooumulation of 
f or eign tronaoriptg, at timoa 16,066 fold higher than the highly oxpr e ooing nucl e ar tranrg e nio 
5 p lanto (124). Chloroplnot gono oxproflflion io regulated to a largo oxtont at tho poot tmncoriptional 
lovol. For ojLample, 5* UTFlO aro noooooary for optimal tranolation of chloroploot mRNAoi Shino 
' Dalgomo (GGAGG) ooquonooo, ao woll ao a atom loop structure looatod 5 ? adjaoont to tho SB 
ooquonoo, ar e r e quir e d for e ffioi e nt tranolation, A rooont otudy hao ohown that ino e rtion of tho 
pobA 5 y UTR downstream of th e 16S rRNA promot e r e nhanc e d translation of a foreign gene 

10 (GUS) hundred fold (135a). Thorofore, tho 300 bp tobaooo ohloroplaot DMA fragm e nt (16 8 0 
H 8 0) oofitaining 5 ? pobA UTR ohould bo uoed. Thio PGR. produot io inoort e d downotream of-fee- 
1* 6S rRNA promotor to onhanoo tranolation of the r e combinant prot e ing . 

YU auulhu approach f or ciihanoomont of tranolation io to optimigo oodon oompooitio fts* 
Sinoo all tho throo proteins ar e tranolatcd in E. coli (see section b), it would be rea s onable to 

15 exp e ct efficient e xpr e ssion in chloroplastei However^ optimising codon compositions to match 

■ t he pabA gone e o uld further onhoncc tho lovol of tranolation. Although rboL (RuBioCO) io tho 
^ moot abundant prot e in on oarth^ it io not translated ac highly ao the pobA gon e duo to the* 

oirtr e moly high turnov e r of th e pcbA g e n e product, Th e pobA g e n e io und e r stronger D e t e ction 
■ fnr inrrpagfd tmnght i on efficiency an d ie the most abundant thylakoid protoin. In addition, the 

20 ' ceidcm usage in higher plant chloroplaata ia biaaod towards tho NNC oodon of 3 fold de g e n e rate 
ffloupo (L e . TTC ov e r TTT, GAG over GAT, CAC ovor CAT, AAC over AAT, ATC over ATT " 
ATA otoi)i Thio io in addition to a otrong bias towordo T at third position of <\ fold d e g e n e rat e 
group o j Th e r e io also a cont e xt e ffoot that ohould bo tokon into oonoidoration whil e modifying 
op e oifio oodonc i Th e 3 fold d e g e n e ra te niter imm e diat e ly upstream from a GNN oodon do not 

25 chow thio Mac towardo NNC , (TTT GGA ic pr e ferred to TTC GGA while TTC CGT i s preferre d 
ter^FT CGT, TTC AGT to TTT AGT and TTC TCT to TTT TCT)(125b,136). In addition , 
highly oxprooood ohloroplaot gonoo uo e GNN moro frequently that othor gonoo. — Codon 
oem p oflition woo ' optimiBod by oomparing different op e oi e s. — Abundano e of amino acids in ' 
■ ohloroplaotD and tRNA antioodono prooont in ohloroplaot muot bo talcon into oonoidoration. Wo 

30 ttloo oornpared A*T% cont e nt of all for e ign g e n e s that had boon oxpreGood in tranog e ni e' 
ghl oro plaato m our laboratory with tho po r oontago of ohloroplaot oxp t cooion. Wo found that 

■ liighu litfila of AIT always oor r clatcd with high oxproooion lovolo (ooo tablo l)i It io aloo 
■p ooaiblo to modify ohloroplaot protoaao r ecognition aite9 whilo modifying codona, without 
AfTLiling Uicir biological funotiono . 

35 Tho otudy of tho ooquonoc3 of IlfiA, ICF I and Interferon - DS was dono. Tho USA 
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» od 51% of A + T oontont and 10% of tho total codona ma t ched with tho pabA mojfr 
tr aiulated ood o na. Aooo r ding to tho data of table 1, wo expect e d good ohloroplost e xprec s ion of 
fee HSA gon e without any modifioationc in ito oodon oompooition. IFN D5 haa 51fr o of A + T - 
oontont and 10% of motohing with pobA oodonD. Tho oompocition G ee mc to b e good but thi s 
5 f>rotoin io omall (166 amino noido) and tho ooqu e no e wao optirniBod to aohiovo A 4 T lovolo olooo 
t o 65fru. Finally, tho anolyoio of th e IGF I o e quence show e d that th e A + T cont e nt wao '10% and - 
■o nly 20% of the codons a r c tho moot tranolatod in pobA. Th e refore, thio gen e n ee d e d to b e 
optuniaodi Optimigation of thooo two gen e s ic done uoing a novel FCR approaoh (137,128) 
frhieh haa boon ouccooofully uood to optimiao oodon oompocition of othor human protoina. 

10 

Example 5 

Sector constructions 

F or all the, oonatruota p LD vootor io nood. Thio v e otor woo d e veloped in thio laboratory for 
ohloroplaot transformation. It contains the 16S rRNA promoter (Prm) d riving the s electable 

15 m a rker gene aadA (aminoglycoside a dcnyl transferase conferring rooiotanoo to opootinomyoin) 
foll o wed by tho psbA 3' region (tho tomihiator from a gen e coding for photo s ystem II reaction 
ce nt e r compon e nts) from the tobacco chloroplaEt g e nome . Thw pT . D v e ctor ic a univoroal 
< ohloroplaot oxprooaion /integration vootor and can b e uo e d to transform ohloroplact g e nom e o of 
SDvoral othor plant opooioo (73,86) booauao thooo flanking ooquenooo euro highly oonoorvod among 

20 hi gher pl a nts . The univ e rsal vector uces trnA and trnl genes (chloroplaot trancfor RNAo ooding 
for Alanin e and Ioolouoin e ) from the inv e rt e d repeat r e gion of th e tobacco ohloroplaot g e nome? oo 
fi anicing acquonooa for homologouo recombination . B e oauo e th e univ e rsal v e ctor integrat e s 
f oreign gonoo within tho Inverted Ropoat region of tho ohloroplaot gonomo, it ohould double tho 
copy number of tho tronogono (from 5000 to 1Q»00Q oopi e c p e r c e ll in tob a cco). Furth e rmoro; it 

25 'hag boon domonatgatod that hornoplaomy io aohiovod ovon in tho firot round of oolootion in 
tobaeeo probably becauao of tho p reaonoo of a ohloroplaot origin of replication within the 
fe udiiug Aiquuni in the universal vector (thereby prodding more tomplatOD for integration). 
Booauao of thoae and oovoral othor roaoono, for e ign g e n e e xpr e ooion woo chown to b e muoh 
higher when the miivoraal vector wao uo e d inot e ad of the tobacco specific vector (88) » 

30 

■ The following vootoro aro uood to optimise protoin oxprooGion, purification and produotion of 
pr otoina with tho oamo amino aoid oompooition ao in human protoino. 



a) In order to optimiao oxpr e ooion) translation io inoroao e d uoing tho pobA 5'UTR and 
35 ' optimifiing tho oodon oompooition for protoin oxprooaionin ohloroplaoto aooording to oritoria 
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■ Mwiouol y . Tho 200 b p tobacco ohlo r oploot DNA Gufemurt containing, S* pabA 
UTR io amplifi e d by PGR uoing tobaooo ohloroploot DNA ao tem p late. Thij iia&uic/nt is 
tilonod dir e ctly in th e pLD vector multipl e oloaing cit e (EooRI Nool) downotroam of tho 
promoter an d th e aadA gen e. Th e clon e d s e quence ic e xa c tly th e sam e nc in th e pobA gon e . 

5 

b) For e nhancing protein — Gtability and facilitating purification; — &@ — G i y2A a 2 Bacillus 
t kumgicnsis oporon d e riv e d putativ e chap e ronin is used* Expression of \h$'cr)Q mi a2 operon 
in ohloroplaoto provid e o a modol oyotem for hyp e r e xpr e ccion of for e ign prot e inc (46% of 
total oolubl e prot e in) in a fold e d configur a tion e nhanoing th e ir otability and facilitating - 

10 purificati o n (3) . Thic juctifies inclusion of the putativ e c hap e ronin from th e G?y2A a 3 oporon 

i n on e of th e n e wly d e cign e d oonotruotoi In thio region thoro oro two opon roading fromoo 
< (QIIF1 and ORF2) and a riboaoraal binding oito (rbo). Thio aoquonoo oontaino olomonto 
noooooary for Gry2Aa2 oryotallis i ation whioh holp to crystallise tho USA, IGF I and IFN - □ 
Tpr oteina aiding in tho subooquont purifioation. Succ e cpful cryctal ligation of other proteins 

15 ucing thio putative chap e ronin has b e an demonotratod (94). Wo amplify tho ORF1 and QIU72* 

b f the D t Cry2Aa2 oporon by PCR uoing tho oomploto op e ron ao tomplat e i Th e fragment is 
* olonod into a PCR 2. 1 vootor and oxoiood ao on EooRI EooRV produot. Thio fragm e nt io thon 
eloncd difoctly into tho pLD vector multiplo oloning oito (EooRI EooRV) downotroam of tho 
promoter and the aadA gene . 

20 

c) Tiv ^htnin prnHm ^vith th? gam? fimiTi^ vHrl vumpfrfiiti^n nn mntur? himinn rr r>to ir n ^ v tn finfr 
fuoo all throo gonoo (oodon optimised and native ooqu e no e ) with tho RuBioCo omall oubunit 
t ranoit poptido . Aloo othor oonctructionc ar e done to allow cleavage of the protein after 
isolation from ohloroplaot Thooo otratogioo aloo allow affinity purifioation of tho protoino. 1 

25 

Tho fifot oot of oonotraoto inoludoo tho ooquonoo of oaoh protein bogjnning with on ATG» 
i introduced by PGR. uoing primoro. Processing to g e t th e m a ture protein may b e perform e d wher e 
» tho ATG io ohown to bo a problem (d e t e rmin e d by mice immunological a ssay s ) . Firsts we uc e 
<tho RuDiaCo omall oubunit tranoit poptido, Thio tranoit p e ptid e io amplifi e d by PC?t uoing 
30 * tobaooo DNA ao t e mplat e and olon e d into th e PCR 2.1 v e oton All g e n e s are fuo e d with tha 
temoit poptido uoing a Mlul rootriotion oito that io introduc e d in th e PCR primoro for 
■ amplification of tho tranoit poptido and gonoo coding for throo protoino. Tho g e n e fnoi'bno oro 
ki ported into tho pLD vootoro downotroam of tho 5'UTR or QRF1+3 uoing th e r e str i ction sit a e . 
Nttol and EcoRV r e sp ectively. If use of tag s o r protoa9o ooquonoco io nooeooory, ouoh o e qu e no e o 
35 ' can be introduced by designing p rimer s including thoao Qoquonooo and amplifying th e gone with 
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■ mploting vootor oonotruotiono, all th e v e otoro aro ooquonood to oonfirm corr e ot 
nuolootido ooquonoo and in fromo fuoion. DNA aoquoncing ia d o ne using a Pe r kin Elmer ADI 
* pricm 373 DN A y?qugnrinn gjrrfem . 

Because of thiL similarity of protein aynthotic machinery (100), expression of all 
5 ohloroplaot vootorp io firot toot e d in E.coli b e for e thoir us e in tobaooo transformation. — Pes* 
fkUiuiJiiu lvH uxpiLAsiuu XL " 1 Dluc stvain is used. E. coli ocm bo traiiDfoimod by atandard 
€ioCL tranDformation proo e duroc and grown in TB cultur e m e diae Purification, biological and 
4 imnaunogonio aooayo aro dono uoing E i coli e xpr es sed proteins . 

10 * Ex a mplo 6 

'B o mbardm e nt, Regeneration and Charaetcrigation of Chloroplaot Trans gcnio Planto 

Tobaooo (Niootmna tabacum vari P e tit Havana) planto are grown ao e ptioally by 
gormination of ooodo on MSQ modium. Hud medium oontaina MS oalto (4.3 g/lit e r), B5 vitan a» 
n imtufo (myo inooitol, 100 mg/lit e r; thiaminc - HCU 10 mg/litfrj nirpofrinirr yicid, I mg/ li ter ; 
15 TOnidoirin e MCI 1 mg/litQr), ouorooo (30 alitor) and phytagar (6 g/lit e r) at pH 5.8. — Fully 
^vpinHftri , a^tV rrr^n in*, rt >c r>f dKniit m^nth ^ pi^nt^ yff?d for brrmfrarrinrmt 

'Leaves are placed a b oxial sido up on a Whatman No. 1 filtor papor lading on tho RMOP 
rrfodium (79) in otandord petri plat e c (100x15 mm) for bombardment . Gold (0 , 6 ] L tm) 
miimuiojitliles arc coated with plaomid DMA (ohloroplact v e otorc) a n d bomb a rdments are 
20 teamed out with the bi o lis t ie device rDS1000/IIc (Bio Rad) as dcaoribod by Donioll (110) . 

i pbotop e riodi Two dayo after bombardm e nt, l e avoo aro ohopp e d into omall pioooo of ■ 5 mm 2 -» 
woo and plaood on tho oolootion m e dium (RMOP oontaining SOQ p,g/ml of cprrtinomyg i n 
jj frydroohlorid e ) with abaxial oido touohing tho modium in d ee p (100x25 mm) p e tri platen ( ■ - 10 
25 p i e o e o per plato). The rog e noratod opootinomycin r e oiotant chootp are chopped into email pi e o e o 

L flmrn 2 ) nnH mihnlnnnH intn frranV. Hanp pat^i plnfar (. A p4»™r p^ p1"+») ™nt?ininQ; th? CUmO 

flolootion modium. Roaiatant ohoota from tho cooond oultur e oyolo aro thon transferr e d to th» 
footing modium (MSQ modium oupplomontod with IBA ? — 1 mg/lit»r and cpectinomyoin 
dlliydiuulilojidg, 300 njg/lilu). Ruulcd plauU arc tianafci T od to ooil and grown at 36°C under 16 » 
30 ^houf p hotopcriod oonditiono for furthor analyoiG . 

*PCR unaljsis o f putative tranoformanto 

P GR ia duno using, DNA isulatod ftom oontrol and transgenic plante in ordgr t o 
^ disanguiah a) truo ohlo p oplaot tronafomuuito from mutants and b) ohloroplncrt tranoformanto fi oH» 
35 nueloai 1 tranofoi ' rnanto. Primoro fo r testing tho prooonoo of tho aadA gono (that oo&£&r&> 
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r e oictano e ) in trancg e nio planto ar e landed on tbo aadA coding o e quono e and 16 & 
tRNA gone. In ordor to toot ohloroplaot int e gration of tho gonoa, ono primor landG on the aadA 
' gone whilo anothor landa on tho nativo ohloroplaot gonomo. No PGR product ia obtained with 
^ nuoloar tranoganio planto uaing thin not nf primorc. Th e primer o e t io uood to toot int e gration of th e- 
5 rntiri? ggnfir cassette — without my internal — delet i on — or looping out during homologouo 
rooombination. ISimilar atratogy woa uaod ouoooasfully to confirm ohloroplaat integration of 
f ore i gn genes ( 3 S 8 S 88) » Thic scr e ening is e ssential to e liminato mutanto and nuoloar 
tf anafo r manta. In order to oonduot PCR onalyoeo in tranogonio plantGi total DMA from 
ftnbombardod and tranogonio planto 10 ioolated ao doooribod by Edwardo ot al. (139). Chloroplaot 
/ 1 0 <troncgonio planto oontoining th e d e oir e d g e n e are th e n mov e d to o e oond round of sel e ction in 

i ord e r to aohiovo homop loamy i 

/ 

Southe r n Analysis fo r homoplasmy and copy n umber 

O o uthora biota a r e d e ne to dotoniiiuo tho oopy numb e r of th e introduced foroign gono poF 
15 ooll ao well ao to toot homoplaomy. Thoro are o e voral thousand oopi e c of th e ohloroplaot g e nom e 
' prooont in each plant c e ll. Thorofor e ^ when for e ign genes an* incrrted into the chloropla s ti 
' gonomo, oomo of tho ohloroplaot gonom e o hav e for e ign genes int e grated while oth e rs r e main ac 
the wild type (ketci ' oplasuiy). The r efore, in order to onouro that only tho transform e d g e nome . 
QJUDto in oolb of tranagonio planto (homoplaomy), tho ool e otion prooooo io oontinuod. In ordor to 
20 confirm that the wild type genome doca not oxitrt at tho e nd of th e o e l e ction cy c l e ; total DNA 
' from transgenic planto arc probod with tho ohloroplaot bord e r (flanking) s e quences (th e tml-toA 
fra&mcnt). Wh e n wild typo gonomoo oro prooont (h e t e roplaemy), the native fr a gment size ic 
frbsmved dlung with Liansfuiuicd genomes. Proaonoo of a largo fragment (du e to inoortion of 
- fo r eign gonoa within tho flanking aoquonoca) and aboonoo of tho nativo omall fragment confirmo 
25 - homoplajm/ (85, 86 ,88) . 

tho oopy nunabo r of the integrated gono ia dotormined by e otabliohing homoplacmy for 
Ao tranogonio ohloroplaot genom e . Tobacco ohloroplaotc contain 500Q -' 10 , 0Q0 copies of their 
genome per c e ll ( 8 6). If only a fraotion of tho genomes ar e actually transform e d) th e oopy 

30 ins e rt e d tranGform e d g e nom e io the only on e pre cent, one can establish that the c o py Tnimbffr i s 
^ 000 - 10,000 per eell. This is usually dom by digoating tho total DNA with a cuitabl e restriction 
en7ymp And probing wit h the flanking s e qu e n c es th a t enabl e homologouo r e combination into th e - 
ohloroplaot gonomo. Tho nativo fragment prooont in tho oontrol ohould bo aboont in the* 
tmnflgonioa. Tho absence of native fr agment pr ovoa that only tho tranogonio ohloroplaot gonom» 

35 iff p resent in the cell and there is uo native, mitransformed, ohlo r oplast - gonomo, without the 
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Ti niulUniuusly piovidiug us with an es t imate of 5000 10,000 c o pies of the foreign gonoa por 
veil. 

5 Northern Analysts for transcript s tability 

Northern bloto aro dono to toot tho effici e ncy of tranGoription of tho gonoo. Total KNA io 
isolat e d from 150 mg of froz e n l e aves by using th e "Rn e acy Plant Total RNA Isolation Kit" 
(Qiagon Ino., Chntaworthj CA). — RNA (10 40 fig) i s den a tured by form a l d ehy d e tre a tmen t, 
■■ ooparatod on a 1.2% agaropo gol in th e pr e oono e of formald e hyd e and tronof e rred to o 
10 nitrooolluloo e membran e (MSI) ac described in Sambrook et al . (130)i Probe DNA (proinsuli a 
< gene coding region) is labeled by the random - primed method (Prornega) with 32 P dCTP iootopo . 
The blot is pre - hybridized, hybridised and washed ac d e Gorib e d above for south e rn blot analysis . 

Trnnrnript lairalr nrn qnnnHfiaH Viy tVi^ TV/Trt WnW Arralyct Prn^rom noiTi^T ihf* f^g_7nn Treo^tig 

Densitomete r (Dio » Ra.d, Hercules, CA) . 

15 

E xpre s sion and quantification of tho total protein expressed in ehloroploot 

Chl o roplast ex pr ession aasays aro done for onoh protein by W e ctern Blot. Piooombinant 
p rotein lovols in transgenic plonto aro dotorminod ncing quantitativ e ELJSA asoayo. A standard 
' ourvo io gonoratod uaing Icnown oonoentrationp and Gorial dilutionc of recombinant and n a tiv e 
20 «protoino. Different tissues aro onalygod uoing young, matur e and old l e av e D againGt thoo e prima ry 

infihnHinn- pnnt nnti A (Mnrriir* TrnmnT^lrtpy^ nnfi TOTT. T anH or.fi. Tntm-fArnn alpha (gi-pvo) 

B o und IgG ia measured uaing horse r adish poroxidaao labollod onti goat IgGt 
inheritance of Introduced Foreign Cono& 

n uol e ar g e nom e , it io poGoibl e that the gene oould get integrat e d in th e nucl e ar g e nom e during 
Kornbardmont and remain und e t e ot e d in South e rn analysi s. Theref o re, in initi a l tobacco 
-aa ncformantfi, som e ar e allow e d to c elf pollinate, where a s others ar e used in reciprocal crooooj 
with control tobaooo (tronogonioa ao fomalo aooept e rc and pollen donorG; t e sting for maternal 
30 i nh e ritanc e ^ Harv e st e d seeds (Tl) will b e germin a ted on medi a containing spectinomycin . 
Aohiovomont of homoploomy and modo of inheritance oan bo classifi e d by looking at 
ge nninotion r e oulto. Homoplaomy io indioatod by totally groon ooodlingo (86) while hoteroplaQmy 
is* diaplayod by voriogatod loavoo (laok of pigmentation, 83). Look of variation in chlorophyl l 
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unong p ro geny oloo underscores th e aboonoo of pooition e ff e ct) an artifaot of 
nuclear transforma t i o n. Maternal mliciitaucc is be dcmuasUatcd by sol e tiaubiixibbiuu uf 

■ iniiodmed genes via seed gene r ated on transgenic plant s , rogardloao of pollon qoutco (grooiy 
seedlings on selective media). When uaii&gcaic pollen is usul fui pollination uf lUHUui plants, 

5 rf nultnnt prncrny f i n nrrt nontnin rfmntnnrt* tr rT h <3 TT , i nnl ; ™ n»ir»^.r nT nnH;n (»m1i nppnn.. i . in . | ■ j . 
* 8 3)i Mol e cular analys e s confirm tranomiooion and expr e soion of introduood gonoa, and T2 9 cod i e 
■ generated from thooo confirm e d plants by the analyses described ab o ve. 

Example 7 ■ 
10 ' Purification mcthoda — 

TIhj slaiulaid melliud uf pmifiualiuii employs classical biochemical techniques ■ with Hit 
■ crystallized proteins inaidc tho chloroploat. In this oaoo, tho homogonates ar e pass e d through 
-Hft kaoloth to romovo ooll debris. Contrifugation at 10,000 xg polletia e o all for e ign protoina (3). 
' Proteins aro colubiliz e d ucing pH, temp e rature gradient, e tc. Thic is possibl e if the ORF1 and 2 > 
15 of th e cry2Aa2 op or on (s ee s e otion o) can fold and cryotalligo tho r e combinant protoina ao 
■ onpootod. Woro thoro io no crystal formation, other purification mcth o da must bu usul (classicab 
bioohomiatry toohniquca and affinity columns with protoaoo cleavage) * . 

HSA: Albumin io typically administered in tons of gram quantities. At a purity level of 9 9 . 99 9% 
20 (a level considered sufficient for other recombinant protein preparations), recombinant USA * 
(rHSA) impurities on th e order of on e mg will still be inj e ct e d into patients. So impuriti e s from 

■ th e hoot organiom must b e r e duc e d to a minimum. Furthermore, purified rHSA must bo idontioo l 
■t o human HSA. Doopito those stringent requirement s , purific a tion co s t s muct be k e pt low i To * 
« purify tho IISA obtained by gone manipulation, it io not appropriate to apply tho conventional * 

25 ■ proo e cc e B for purifying HSA originating in plasma ao Duoh. This io booauoo tho impurities to bo 
■el iminat e d from rHSA completely diff e r from thos e contained in the HSA originating in plocmai . 
' Namely, rHSA is oontaminated with, for example , col o ring matters characteristic to recombinant 
USA, protoina originating in th e hoat c e lls, polysaccharid e s, etc. In particular, it is necessary to ■ 
sufliLicutly eliminate c o mp o nents or iginating in the host cells, since they ore foreign mattora for * 

30 ■ living organiomo including human and oan caus e tho probl e m of antigenici t y . 

In p lanto two different mothodo of HSA purification hav e b ee n don e at laboratory aonlo. — 
^ Sijmono e t al. (23) transformed potato and tobaooo plants with Agrobact erium tumcfaci e ns. Fo r* 
the oxtraotion and purification of HSA, 1000 g of st e m and l e af tissu e was homogenis e d in 1000 * 
35 ml oold PBS, 0.6% PVP, 0.1 mM PMSF and 1 mM EDTA. The hom o gcnalL was clarified by 
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- rifuged and the supernatant incubated for A h with 1 .5 ml polyclonal antiHSA 
coupled to Roactigel spheres (Pierce Chem) in th e pr es en c e of 0,5% Tween 80 , The compl a x 
IISA - anti IISA - Rcaotigol woo oollooted and washed with 5 ml 0.5% Tween 80 in PBS> HSA wac » 
dC3orbcd from the roactigcl oomplox with 2.5 ml of 0.1 M glyoino pH 3.5, 10% dioxanc , 
5 ^ immediat e ly follow e d by a buff e r e xchange with Sephadex G25 to 50 mM Trie pH ft . The , 
sa mp l e w as then lo a ded on a HR5/S MonoQ anion exchange column (Pharmacia) and elut e d .* 
with a linear NaCl gradient (Q . 350 mM Nad in 50 mM Tris pH 8 i n, ?0 min at 1m1/min . ) « 
Fmotiono containing tho oonoontratod HSA (at 290 mM NaCl) woro lyophiligod and applied to a — 
HR 10/30 Sepharose 6 column (Pharmaci a ) in PBS a t 0,3 nuVmin . H o wever , t h is metho d u s e s — . 
10 » affinity oolumno (polyclonal anti HSA) that are very oxponoivc to scale up. Also the protein is 
rp1effsr . fi from the column with CUM g l ycine pH 2 . 5 th a t will most prob a b l y, den a ture the * 
t protein Therefore, this method c an s uitably modified to reduc e th e o e drawbacks . 

The s econd method i s for HSA extraction and purification from potato tub e rs (Dr. 

homog e nate is filtered in miracloth and centrifuged at H.0Q0 rpm 15 minute. jHfim 1 Luis step 
another filtration of the supernatant in OAS Dm filters io n e c e ssary. Then, chromatography of 
i onic exchange i n FPLC u s ing a DEAE Sepharose Fact Flow oolumn (Amcr3ham) is r e quired. 
Fractions -r ecovered arc paaaed through on affinity eolumn (Bluo Sepharose fusl flow AiUCl'ijham ) — 
20 r esulting in a product of high purity. USA purification based on cither method is acceptable 1 . 

IGF 1; All earlier attompta to produc e IGF I in E. coli or Saookaromycca ccrc\4siao have 1 

■ resulte d in mi s folded proteins . This ha s made it nece ss ary to perform additional in vitro refolding " 
o r extensive s eparation technique s in order to recover th e nativo and biological form of the 

25 mole c ule ! In addition, IGF I has b ee n demonstrated to po33 e B0 an intrinsic tlicrmodynomi e— 
folding problem with regard to ^amitarively folding into — a nativ e — disulfide bonded**^— 
conformation in vitro (131). Samu e lsoon e t'aL (131) and Joly et al. (132) oo express e d IGF ¥ 
with specific prot e ins of E. coli that significantly improved tho r e lativ e yiold3 of correctly folded 1 * 

■ protein and cons e quently facilitating purification. Samuelsson ot al. (132) fuood tho protein to- 
30 nffirpty t n £ r hnrftrf r> n ^ithm- th* T^-Kinriii^g ^nrr^afp (7) ftnm . Staphylrr^Tfll prntrtn A nr tlffl B- 

two oorum albumin domains (ABP) from Streptococcal protein G (13 4 ). The fusion protein 

? ppt allnwc thp TfrF-T mnlftnilpg tn )v> piwjfiftH fry IqC} r\r fT.QA affinity ^hrnmatngrnphy, Wtr r 

al so use this 2 tog s f o r protein purificat io n including the do uble 2 do main from S , aureus prot e in ■ 
- and a Gequ e noe r e cognis e d by TEV protoaoo (30c scetion d.2). Tho fusion p rotein ib uicubaled " 
35 with an IgG column where binding via the Z domain ocoutd. Z domain IgG interaction ic v e ry" * 
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i s h igh a ffinity, s o conta min ant p^ f «^" g nnTi ^ ^ciiy wngh^d nfPtVip rnlnmn. 
Inonbation of th e column with TEV protoooo elutoo maturo IGF J from th e oolumn. TEV protoaoo - 
is produc e d in bact e ria in largo qiiantitioQ fuaod to a 6 hiatidinc tag that is used for T E^ft 
purification. This tag eon be aho used to separate IGF I from contaminant TEV pro teases 

5 

IFN D s In th e E. coli expresaion method used, th e purifioation syatom waa based on U3uig 6 
Histidinc * tags that bind t o a nickel column and biotinylated thrombin to e liminat e th e tag on 
■ ITOK15. 
Example 8 

10 ChaiaU e rization of the recombinant protcins - 

Fui die safe use of recombinant pr oteins as a roplaoomont in any of the current 
applications, thooo proteins must bo structurally equivalent and must not oontain abnormal b eet- 
dorivod rnodifioationa. To oonfirm oomplianoo with theo e oriteria wo oompor e human and ■ 
liumibiuaiit pr o teins using, tin cur r ently highly sensitive and highly resolving techni ques- 
15 ■ expec t ed by the rcgnlato i y authorities to charact e rize recombinant products (135)r 

Amino acid analy s is 

Amino acid analysis to confirm the correct s equence is performed following off - line vapetsr- 
phanr hy ri r o lyn i n lining ft FIT TO A n ii i ii r w H j» ^ts « ■ mi i i . un nn Hum — rWA 

analysis ic p e rform e d by Edmon degradation uaing API 477 A p r otein sequencer with an on-line 
120A phcnylthiohydantoin " t auihio acid analyzer. Automated C terminal aoquonoo analyaia uoeo a 
Ilowlott Packard G1Q09A protein o e qu e no e r. To confirm the C termin al sequence to a greater 
n ambor of roaiduop, th e C t e rminal tryptio peptide is isolated from tryptic dige s ts by rever s e- 
25 p hase IIPLC. 

PrntPin folding rind disu l fide bri^c*^ fn T m<*tinn 

■ Wostcrn blots with reducing and - non - rcduoing gels or e dono to oh e ck protein folding. PAGE 
lu visualize small p roteins will be done in the pr esence of tricinc. Protein standards (Sigma) aro » 
30 loaded to compare the mobility of the recombinant prot e ino. PAGE is perform e d on PhootG e lo ' 
(Pharmacia Biotech). Proteins arc blotted and thui piubcd witli gual auli-II3A, interferon alph a 
and IGF I polyclonal nntibodica. Pound IgG is de t ected with h o rseradish pciuAiehise»labcllcd anti 
goat IgG and vioualia e d on X ray film UGing ECL d e t e ction reag e nte (Amercham).- 

35 Tryptio mapping 
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rfirm the presenc e of ohloroplast expressed proteins with disulfide linkages > 
identical to na t ive human proteins, the samples a r e subjec t ed U> tiyp t ic digestion followed by 
p eptide mass mapping using matrix - assisted Inn B r d e aorption ionigation maoa npeotromctry 
~tivr Ai,Jjl-MS). 3ainples ai e icduued iflllir dithiothrcitol, alkylated with iodoao e tamido and then 
5 digested with trypsin comprising three - additions of 1 : 100 enzyme/subs tr a t e over 48k at 37°C . 
S ubs e qu e ntly tryptio p e ptides ar e separat e d by reverse -pha s e HPLC on a Vydac C18 column. 

Mq9q nnalyoio ■ 

■ Elootroopray maoG Qpootrom e try ffiSMS) is perform e d ucing a VG Quattro e l e otroopray 
10 niasa spectromete r . Samples are dojaltod prior to analysis by r e v e rse pha s e HPLC using air 
acctonit r ilc g r adient containing txiiluoi ' oacctic acid. 

Gp cilia ait liiia&iuid in a ni tro gen a t m o sphe r e using a Jaaoo J600 opootropolarim e t e r. 

15 

i Chromatographie technique s 

For II3A, analytical gel-peiiuealiun IIPLC is peifuimed using a T3K Q3Q0O SWaI 
c o lumn. Prepa r a t ive gel permeation chromatog r aphy of USA is performed using a Sophaeryl - 
* "S200 HR column. The nionmnei Auction, identified by abbuibance at 280 nni, is diaiyzed and ■ 
20 re c oncentrated to itr s starting concentration. For IGF I, the r e vorood phono chromatography the > 
SMART system (Pharmacia Biotech) is u s ed with the mRPC C2/1 S SC ? 1 /1 0 oohmm . 

- Visco s ity 

Thia io a classical assay fo r rooombinant IISA. Viaooaity ia a oharaotoriotio of proteino 
25 * olatod directly to their size, sha p e, and conf o rmation. The viscosi t ies of USA and iccumbimuit 
-4-ISA can be measur e d at 100 mg . Ml 1 in 0.15 M NaCl using a U tub e vicoooim e t e r (hd2 type*, 
■ Poulton, Solfo and Lee Ltd, Esse a, UIC) at 25" C. 

Glyco s ylfltior r 

30 Chloroplast prot e ino are not lcnown to b e glycosylated. However there are no publi c ations 

to confirm or r e fut e this assumption. Th e r e for e glyoosylation should be m e asur e d using a coal e d" - 
up version of the method of Ahm e d and Furth (136). ■ 



35 
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ISA does nui have enzymatic ailivity, it is iiul possible lu imi biulugical assays. 
However, throo different toohniquoo oan bo uood to ofaook IGF I functionality. All of th e m ar e- 
boo e d on th e proliferation of IGF I responding cells. First, radioactiv e thymidine uptake ca n tw 
measured in 3T 3 fibrob l ast s, that express IGF - I rec e ptor, as an estimate of DNA s ynth es is . Alec*, 
5 a human mcgnkaryoblnfltic cell lino, HU - 3, con bo used. As IIU - 3 grows in suspension, cha ages- 
4a cell number and s timul a tion of glucose uptak e induced by IGF - I arc assayed using 

■ AlamarB l ue o r g l uc o se c o n s umption, respectively , AlamarBlue (Accumed Internationa^ 

Wcstlakc.OII) ia roduocd by mitochondrial enzyme activity. Tho r educed form of tho rcagont io 
fluor e oo e nt and can bo quantitatively detected, with an excitation of 530 nm and an emi s sion o£ 

10 590 nm. AlnmarBluo io addod to tho oella for 2 4 hours after 2 days induction with different doooc 
of IGF I and in the absence of scrum. Glucose consum p tion by IIU - 3 cells is then measured* 
using a colorimetrio glucose oxidaG e proo e dure provid e d by Sigma. HU 3 c e llo ar e inoubatod in 
* th e ab penc e of serum with different dos e s of IGF I. Glucose is added for 8 hours and glucose 
concentr a tion is then measured in the sup e rnatant. All thr ee methods to mea s ure IGF-I - 

15 functionality are precise, accura t e and dose d e pendent, with a lineai lange between 0.5 and 50 
ng/ml (137). 

/T h e method to determine IFN activity is based on their anti - viral properties. This .' 
r- procedure measures the ability of IFN to protect HcLa cells against the cytopathic e f fec t of 
cncephalomyocarditis vims (EMC). The assay is performed In 96-Well microtitre plate. First," 

20 IleLa eella arc seeded in the wells and allowed to grow to confluency. Then, fee medium is 
remov e d, r e plac e d with medium containing IFN dilutions, and incubat e d for 21 hourG. EMG 
virus is added and 24 houro later the cytopathio effect is measured. Fo r that, the medium is 
removed and wolla arc rinsed two times with PBS and atainod with methyl viol e t dy e solution. 
Th e optical donoity is road at 540 nm. The valu e s of optical d e nsity are proportional to the 

25 antiviral activity of IFN (138). Specific aUiviiy is deteiinincd with lefeience to standard IFN- 'B 
(oodo 82/576) obtained from NH3SC . 

■ Exampl e 10 
Animal te s ting and Pro Clinical Trial s 

30 Qnoo albumin ia produced at adequate levels in tobacco and the phy9ioooh e mi eal- 

pr o pert i e s of the product corroGpond to those of the natu r al pro te i n, toxicol o gy s t udies need tu be 
v d o ae in m i ce . T o a void m i ce resp o n s e t o the h uma n pr o tein, tnmsgenir mine rarryir i g HSA 
« g e nomic s equence s are u s ed (139), Aft e r injection of non e , 1, 10, 50 and 100 rag of purified 
^ reco m b i nant protein , cl as s i c a l toxicology orudi e o aro oam e d out (body woigh and food intake, 
35 ■ animal b e h a v io r , pil o erect i on, et c ) . Albumin can b e t e cted for blood volum e replacement after* 
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-efaaa aato the fluid from th e p e ritoneal oavity in patients with livci 1 cirrhosis. It has 
been s hown that albumin infusion aft e r this man e uv e r io oaaontial to preserve effectiv e 
circulatory volume and renal function (440)r 

IGF - 1 and IFND arc tested for biological eff e ot3 in vivo in animal models. Sp e cifically^ 
5 woodchucks (marmota monax) infected with the woodohuok h e patitia virus (WHV), are widely 
^nngiHprFtH ag the hest animal mnHfil nf hepatitis R virus infrrttnn (141) TVplirmn-ary fftiiHifi K hav e, 

s hown a si gnificant increa s e in 5' oli go ad enylate s ynthase RNA levels by re a l time po l ymera s e . 
chain reaction (PGR) in woodchuck peripheral blood mononuclear c e llG upon incubation with - 
human IFND5, a proof of th e biologioal activity of the human IFND 5 in w u odcliuck cells. For in 

10 J vivo studios, a total of 7 woodohuoka ohronioolly infected with WIIV (WIIV surface antigen and 1 
WHV-DNA p o si t ive in scrum) fire used: S animals are injected 8ubcutancoualy with 500,000 
units of human IFND 5 (the activity of human IFND 5 io determined aa described previously) 
-th ree times a week for 4 months; the remaining two woodchucks are injected with placebo an d 
used as controls. Follow up includes weekly serological (WIIV surface antig e n and anti^WIIV 

15 s urface antibodies by ELISA) and virological (WHV DNA in serum by r e al tim e quantitativ e 
TCR) as well as monthly immunological (T-lielpei lespuns e s against WHV surface and WHV 
core a ntigen s measured by interleukin 2 production from FBMC inoubatod with those prot e ins) ■ 
studies. Finally, basal and end of treatment liver biopsies should be performed to oooro live r 
4a flammation and intrahepatic WHV - DNA levels. The final goal of t r eatm e n t is d e c r ease of viral 

20 replication by WHV DNA in s e rum, with secondary end point3 being histological improve ment* 
and decrease in intrahepatic WHV-DNA levels . 

For IGF 1, the in vivo therapeutic efficacy is te s ted in animals in situations of IGF J 
deficiency such as liver oirrhooio in rats. Several reports (56-^58) have been published hhuwiug 
that r e combinant human IGF I has marked beneficial effevta in increasing b o ne and muscle 

25 mass, improving liver function and correcting hypogonadism. Briefly, the induotion protocol io 
qo follows: Liv e r cirrhosis io induced in rats by inhalation of oarbon t e trachlorid e twice a week 
for 1 1 w e eks, with a progr e ssiv e ly increasing exposure time from 1 to 5 minutes per gassing 
session. Aft e r the 11 th week, animals continue receiving CCI4 once a week (3 minutes per 
4a faalation) to complete 30 weeks of CCU administration. During the whole induction period; 

30 phcnobarbital ( 4 00 mg/L) i s added to drinking water. To te s t the therapeutic efficacy of tobncoo 
d erive d IGF - I , cirrhotic rats receive 2 ug/100 g body w e ight/day of this compound in two 
divided doses, during the last 21 days o f the, induction pmlucol (weeks 28, 2 9 , and 30). On day 
22, animals arc sacrificed and liver and blood samples collected. Th e rooultG are compared to 
those obtained in cir r hotic animals receiving placebo instead of tubaccu-deiived IQF-I, and tu 

35 healthy cont r ol r a t s . 
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HG5 - rCT 00 (1577 P 00) 

PRODUCTION Or HUMAN INGULIN IN TRAN S GENIC TOBACC O 

or TIIE prvTavrnoN 

This invention r e lates to produ c tion of high value pharmaceutical prote i ns in nuclear* 
baiibgcjiic plants, particularly to produotion of human i nsulin in transgenic tob a c c o, 

BACKGROUND 

Re s ear c h on human proteins in the past years has revolutionis e d tho uao of tfaoao - 
t h er a peut i c a lly v a lu a ble proteins in a v a riety of clinical situ a tions! Since the demand for theo e 
p roteins i s expected to increase considerably in the coming year s » it would be wi s e to ensure that in 
th e futur e th e y will b e availabl e in oignifioontly larg e r amounts, pr e f e rably on a ooct offoctivo bnoia. 
■B ooauoo moot gonoo oan b e expr e oo e d in many diff e r e nt oyotoms., it io e oc e ntial to d e t e rmino whioh 
* sy s t e m offer s the moct advantages for the manufa c tur e of the r e combinant protein. An id e al 
expression s ystem would b e one that produc e c a maximum amount of aafe, biologically active 
m a terial a t a minimum cost — The use of modified mammalian c e lls with r e combinant DNA 
toohniquoo haa tho advantago of resulting in products, whioh ar e cloo e ly related to thos e of natural 
origin . However, culturing the s e cell s is intricate and can only be carri e d out on limited -seater 

Thr . use nf microorganisms surh n s bacteria permits mnnufneture on a larger scalp, but 
introduces the disadvant a ge of producing products, whioh differ appr e ciably from tho product) of 
20 n a tur a l origini For example^ proteins that or e usually glycosylat e d in humane oro not glyooaylatcd ' 
■ by bact e ria. Furthermor e , human proteins that are expressed at high levels in E.coli fr e qu e ntly 
acquire an unnatural conformation, accompanied by intracellular precipitation du e to lack of proper 
■ folding and disulfide bridge s. Production of recombin a nt pr o te i ns in plants has many potential 
a dvantages for generating biopharmaceuticalc r e l e vant to clinical medicine. The s e include the y 

25 following: — Q p1*»Tit ryrt/»mg qiv> mnrp ^nnr^mi^al fhart in^ngti-ial fai-M^ti^c i icing fpmipntfltinn 

oyotomc; (ii) toohnology io avoilablo for harvesting and proooaaing planta/ plant products on a la r ge 
scale; (iii) eliTnrnalinn of the purificati o n requirement w h e n the plant ti ss ue cont a ining th e 
r e combinant protein i s use d a s a foo d (ed i b l e v a ccines) ; ( i v) p l a n ts can be d i recte d to target prote i n s* 
into otnblo, intracellular compartments as chloropla3t9 , o r ex pr essed directly in chlor o plasts; (v) the 
30 amount of recombinant product that can bo produood approaohoo induotrial scale lovolo; and (vi> 
health riaka duo to contamination with potential human pnthog e no/toxins ar e minim iaedf 

■ It has been e stimat e d that on e tobacco plant should bo able to produoe moro r e combinant * 
■ pr o tein than a 3QQnlitcr fcrmenter of E i coli (Crop Te c h , VA) . In addition, a tob ac co plant can 
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produo e a million ceedc^ facilitating large scale production. Tobaooo is also an id e al choice b e oaus e 
of its r e lativ e e ase of gonotio manipulation and on impending need to explore alternate uaca for this- 
•baea rdouD oropi However, with the exception of enzymes (e . g . phyt ase ) , l e vels of foreign proteins 
produced in nuclear tr a nsgenic plants are generally low , mo s tly lece than 1% of the total soluble - 

5 protein (Kucnadi e t al. 1997). May ot al. (1996) discuss this problem using the fulluwkig example . 
Although plant d e riv e d rooombinant hepatitis B 3urfaco antigen was as effective as a comme r cia l 
recombinant vaccine, the level s of expre ss ion in transgenic tobacco were low (0i0Q66% of total 
> soluble protoin). Even though Norwolk virus oapaid protein expressed in pot atoes eauscd oral ■ 
■ immuniaation when consumed as food (ediblo vaccine), oxprossion lev e ls wer e low (0.3% of total ■ 

10 s oluble prot e in) 

In particular, expression of human prot e ins in nuclear transgenic plants has been 
dioappointingly low: Qig. human Interf e ron p 0.000017% of freoh weight, human scrum albumin 
0 , 02% and e rythropoi e tin 0.0026% of total aolublc protein (see Table 1 in Kusnadi c t al. 1 9 97). A - 

y^tWi/^ ^anp ^Hir><y for tbp Vmman ppiH^rm al omwth fnrtnr waQ PYprPiQSftH only np tn 0 fiO 1 % fif 

15 tot a l s oluble protein in tran s genic tobacco (M a y et al, 1996), The co s t of producing recombinant 
proteins in alfalfa leaves was estimated to be 12 fold lower than in potato tuborG and comparabl e 
with seeds (Ku s nadi et al , 1997) . However, tobacco leave s are mu c h larger and have much higher . 

■ ooll oulturo or tranagonio goat'o milk or 5Qmg/lcg of tobacco leaf expre s sion^ the cost of purified IgA 
20 will bo $10,000, 1000 and 50/g, roapootivcly (Danioll ct al. 2000). The cost of p roduction o £ 
r e rombinant prntm n n will h n * n f rt1H 1 """" » w " f 17 fr| , |w - wljlil1 1 1 {utUh omk kaj[i i haui i h 
levels in E.coli) (Kusnndi ct aL 1997). A doorcase in insulin expr e ssion from 20% to 5% of biomasp * 
doubl e d the cost of production in E.coli (Petridis et al. 1995)i Expression level less than 1% of totaN 

■ soluble protein in plant s has been found to be not commercially feasibl e (Kusnadi et a l . 1997) , 

25 Therefor", it iff ^p^-t^t inr-T-^ef> Wf»1c pvpr^gemn rprnmhinant prnteinr . m plants TO exploit ■ 
phut product ion o f ph^xmanologir^lly i m portant prot e in s. 

An altornnto approaoh io to e xpreco foreign prot e ins in chloroplasts of higher plants . We hav e 
^ reo e ntly integrat e d foreign genes (up to 1 0,000 copies per cell) int o the tobacco chl o roplafff genome 
g oaulting in aooumulation of recombinant protein s up to 4 6% of the t o t al s oluble pr o tei n (Dn Cosa et . 
30 al. 2001). Cliluiuplast Uaiisfoimaliun utilizes Iwu flanking sequences that, through liumuluguus 
' iuuumbiiiation, inacrt foreign DNA in to the spacer regi o n between the functional genes o f the 
-ek l or oplaat genome, the r eby taiguling Oil fuiclgn g e uea> lu a pietism luuatiun. Tliis eliminates Hie 
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Aposition e ff e ct® and gone oil e noing fr e qu e ntly obo e rved in nuclear transgenic? plants. Chloroplast 
g e n e ti c engin ee ring ic an environm e ntally fri e ndly approach, minimising oonoerna of out-oroaQ of 
introduc e d traits via pollen to w e ed s or other cr o p s (Bock and H a gem a nn 2 0QQ, Heifetz 2 0QQ) , Also, 
. t h e conrems of in s ect s d eve lo p i ng re sis t a nce t o biope s t i c id et are minimized by hypei-expres s ion . 

trnnGformation ovont (gone pyramiding). Conce r ns of inseeticidal pro t eins oil noii-laigel insects m e 
minimized by lack of expre s sion in transgenic pollen (Be Co s a et ah 2001).- 

Importantly, a s ignificant advantage in the pro d uction of pharnw . riit i cal prntr . ins in 

■ c hloroplasts is their ability to process e ukaryotio proteins, including folding and formation of 
10 i disulfide bridges (Dr e sch e retal. 1998). ChaporoninprotoinoaroproaontinoliloroplBijtDCRoy, 19 8 9; 

' Viorling, 1991) that function in folding and aGo e mbly of prokaryotic/ e ukaryotic proteins . Also ? 

■ proteins are activat e d by disulfid e bond oxido/r e duotion cycl e s using the ohloroploot tfaiorodoxin 
system (Rculland and Miginiao - Maslow, 1999) or chloroplast protein disulfide isom e ras e (Kim and 
May fi cld, 1 997). Accumulation of fully assembled, disulfide bonded form of human somatotropin 

15 ' via chloroplast transformation (Staub ct al 2000), oligomcric form o f CTD (Hcnriqucs and Danicll, 
2000) and the aaacmbly of heavy/light chains o f humanized Guy's 13 antibody in Uausgenic 
chloroplasts (Panchal ct al. 2000) provide strong evidence for succ e ssful processing of 
pharmaceuti ca l proteins inside ohloroplaota. Such folding and aaacmbly should eliminate the need ■ 
for highly e ?cponoivo in vitro processing of pharmaceutical proteins. For example, 60% of the total 

20 operating c o s t in the production of human insulin is a s sociated with in vitro processing (formation e£- 
disulfi d e bridges and cl e avag e of m e thionine. Pctridis ot al. 1995): 

A nnthfr mfljor co s t o f insulin production is purification. Chromatography aooounta for 30% 
of operating expenses and 70% of equipment in production of insulin (Petiidis U al. 1995). 
Thuifun, new aypiu&ihis arc needed to minimize o r eliminate ch r oma togrophy in insulin 

25 production. ' One auoh approaoh is tho uao of GVGVP aG a fuoion prot e in to facilitate tangle stop 
puriliuttiuii withuul the use uf chromatography. GVCVT is a Protein Dosed Polymer (PBP) made 
1 from synthetic genes. A* lower tempomturoa this polymer oxioto as mor e e xt e nd e d mole c ul e s . Up eif 

■ raising th e t e mp e ratur e abov e tho transition rang e » polym e r hydrophobically folds into d yn a mic 
■ otruoturao call e d p apirala that further agg r egate by hydrophobic associa t ion to fomi twisted 

30 . fi l aments (Urry, 1991 ; Urry et a l ., 199 4 ) . Inverse temper a ture transition offers s evera l a d vant a ge sr 

■ It facilitates scale up of p urification from grams to kilograms. Milder purification condition require s * 
o n l y a modest r . hnnge i n temperature and ionic s trength! This s hould also facilitate higher recovery ^ 
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fast e r purification and high volume pr o ce ss ing . Protein purification is generally the slow step . 

(hnHlpnPPlr) in phflrmarpnti™! prrvinrt HftVftlnpmftnt Through fVYplnitation of thifi reversible mversp 

temper a ture transition property , s imple and inexpensive e xtra c tion and purifi c ation m a y b e 

■ performed. — The temperature at which the aggr e gation takec plac e can bo manipulat e d by 
5 engineering biop ol jiners containing varying numbers of repeat s and c h anging saltr . oncen1ration in 

solution (McFh e roon e t al., 1996). Chloroplnst mediated expression of in3ulin " polyiaicr fusi on 
pr o te i n sh ould elimin a te the need for the expensive fermentation process as well as reagents needed 
for recombinant protein purification and downstream proces s ing . 

Oral delivery of insulin i s yet another pow e rful a pproach that can eliminate up to 97% of thr , 
10 production cost of insulin (P e tridiQ ot nl. 1995). For example, Sun ct al. (199 4 ) have 3hown that 

■ fe e ding a email dose of antigen s conjugated to the receptor binding non toxic B cubunit moiety-o£ 
the rhnlerfl town (L" l K) sriflftrmPd k'yviHM l ir T I'tfll-nitfUiiH l Hil i i iflm iii i i ^m^ i cacti am? in nnirnnlp 
O r al administration of a myelin antigen conjugated to CTD has been s hown to protect anim ate- 

■ against e nc e phalomyelitis^ e v e n wh e n giv e n after dia e ao e induction (Sun e t al. 1996). Bergerot ot al - . 
15 ( 1 997) reported that feeding small amounts of human insulin conjugated to CTB suppressed beta ooll 

d e s tructi o n and clinic a l diabetes in adult non obooo diabetio (NOD) mioo. The protective effect 
could be transferred by T c ells from CTB -insulin tr e at e d animal s an d w as as s ociate d w i th re d uce d 
AnoulitiDi Th e s e r e sults demonstrate that protootion againat autoimmune diabetes can indeed bt 
achieve d by feeding small amounts o f a pan c re as isl et ce ll auto antigen linked to CTB (Eorgo r et e t 
20 . al. 1997). Conjugation with CTB facilitates antigen delivery and presentation to tfag Gut Associated^ 

■ Lymphoid TiGSu e o (GALT) du e to ito affinity for th e ooll ourfaoo rooeptor GMj gongliooido looatod 
on GALT cells, for inoreascd uptake and immunologic r ecognition (Arakawa ot aL 1D98). 
Transgenic pot a t o tubers expre ss e d up to 0 . 1% CTB ■ in s ulin fu s ion protein of tot a l s oluble protein ,' 
which r e tained GMi ganglioside binding affinity and native autogenicity for both CTB and insu fe- 

25 NOT> mir r f nr l Yrit h r rnn n^ nnir pnf n fo r u hrm r rm t nini ncmirraern m qun nt rtW nf f ' I H inmlrn ftm'nn - 
prot e in showed a substantial r e duction in inoulitio and a d e lay in tho progroooion of dinbotoo (Arkawa • 
ot al. 1 99$). Howovor, for oomm e roial e xploitation, tho lov e la of e xproooion chould b e inoreac e d in - 
- transg e nic plants , — Therefore, we propo s e here e xpr e ssion of CTB insulin fusion in transgen ic^ 
• ohloroplasts of niootine froo odiblo tobnooo to inoroaoo lovolo of oxproooion adequat e for animal ' 

30 tooting. ■ 

Taken together, low lovola of expression of human protoina in nuoloar tnmflg e nio planto, and r 

■ diftioulty in folding, oop e mbly/prooosaing of human p roteins in E.coli sh o uld make chl ore plaata an 
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alternate compartment for expre s sion of tho s e protei n s , Production of h uma n proteins in transgenic 
- chloroplasts should also d r amatically lowe r the pr oduc t i o n cost. Large-scale production uf iuaulin in 

tnhnr>nn in rrmjnnrtinti nHth m nr^l Hplivpry cygfpm ran hp a pnwfirfhl approach to provide treatment 

to diabotco patients at an affordable cost and provide tobaooo farmers altern a te u s e s f o r t his 
5 hazardous crop. The r efore, it i s first advantageous to use poly(GVGVP) a3 a fusion protein to enable 
hyper expr e scion of inaulin ond aooompliflh rapid on e gtop purifloation of the fusion peptide utilizing 
t he inverse temperature transition prop e rties of this polymer. It is further advantageou s to d evelop 
■ insulin - CTB fu s ion protein for oral delivery in nicotine free edible tobacco (LAMD 605)» 
D o th achievemen t s uni be accouipli&liid <u> fulluws : 

10 a) Qp^lnp rprnmhinant F>MA vrrtnrc fnr CThanr>P>H ^yprftrrinn nf Prninnnlin nr . fhr . irm prnr a mn ■ 

with GVGVP or CTB via ohloroplaat genom e o of tobacco? 

Obtain transgenic tobacco (Petit Havana & LAMD 605) p lants; 

15 «c)- Choraot e rizc transg e nic expres s ion of proinsulin polymer or CTB fusion proteins u s in g 
mol e cular and biochemical methods in chloropla s ts; 

-d). Employ existing or modified methods of p o lymer purification fr o rn tiausgtmiu leaves, 

20 Analyze Mendolian or mat e rnal inheritan ce of tra n B genie plants; 

Largo coale purification of insulin and comparison of curr e nt insulin purification methods 
with polymer based purification method in E.coli and tobacco ; 

25 e) « Compare? natural refolding in chloroplasto with in vitr o p r oce s sing; " 

h) ' Characterization (yield and purity) of proinsulin produc e d inE.coli and transgenic tob ac co . 



30 — i). 



ADcescm e nt of diab e tic Gymptom3 in mice fed with edible t o bacco e xpressing CTD^hisulin 
■fusion prnf?ia» 
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Diaboto s an d I n sulin; Th e most obvious action of insulin is to lower blood glucos e (Oakly e t aL 
1973 )i ThiG io a rooult of its immediate effect in increasing glucose u p take in tissu e s Li muscle , 
under th e action of insulin, gluooa e is more readily tolcon up and cither converted to glycogen an d 
5 laatic acid or oxidimd to umbun diuxide. Inuulin tlluo ftffaota a number of important enzymes ■ 
ooncemed with cellular m e tabolism. It inor e afi e o th e activity of gluookinao e , whiohphosphorylatoG - 
gluco s e, thereby incr e a s ing the rate of gluco s e metabolism in the liver . Insulin also suppre s se s ■ 
ghic o ne o genesis by d epressing the function of liver enzymes, whi c h oper a t e the rever s e pathw a y 
from protoina to glucose. Lack of inaulin can r estrict tin tiaubpoii uf glucose ItiLo muscle and ' 

10 artipnsr fistmr Thiff rf»9n?tg in inrrpaw in hlnnri glnrnsp Wftlg (hypprglyrprnifl) Tn anMifiPin thg 

bre a kdown! of natural fat to free fatty acids and gfycerol is increas e d and - there is a rise in the f a tty 
aoid content in th e blood. — Increased oatabolism of fatty acids by th e liv e r r e oulfa in groator 
production of k e tone bodi e s. — They diffu s e from the liver and pass to the muscles for further ■ 

mnrkrinn < 5nnn J Vetnnp hnAy prn/hirtinn ratp ffYPW/ig nYiHatinTi rate anH Irp.tngic rfi.cn Ite Fftwpr 

15 amino acids are taken up by the tissu e s and protein degradation results : — At the same tim e? 
qluconeogene s is is s timul a ted a n d protein is used to pro d uce gluco s e . Obv i ou s ly, l a ck of insulin h as 
o e riouG oonooqu e nooo t 

- Diab e t e s io olaooiflod into types I and II. Type I is als o known as insulin d e pendent diab e t e s 
mollitus (IDDM). — Usually this is caused by a cell-mediated auloiiuinune destruction Of the 

20 pancre a tic p c e lls (David s on, 1998). Thos e suff e ring from this typo are dopondent on oxtomat 
snnrrrs of insulin Type II is known as nonin B ulin dep e ndent diabstoa mollitus (NIDDM). This * 
usually involves resistance to inaulin in combination with its widuuiuduUiun. These piuiiiiii enT 
rlif mrrr Vmm IrrH tn rvrtrnfiivr mrrgrrh into micrnhi.il production nf recombinant human insulin 

25 

Fyprnrrinn nf BnnnwnVtiTinnt Wniiutn T.iu.lin in TV mff > Tn 1 Q7K twn tVinuiganrI tH1mr nr n f , nfimilh n 

we r e used in the world each year, half of this was used in the United States (Steincr et al., 197 8 ). At 
that time, the numbe r o f diabetics in the US was incr e asing 0% every y e ai (Qmiby , 1978). Iu 1997"- 
"9 8, lO^fr iuuiase in sales o f diabetes care products and 19% Uiciease in insulin pr o ducts hav e b eerr 
30 rep o rted by Novo Nordisk» making it a 7.8 billion dollar industry. Annually, 160,000 Americano aro* 
feiilod by diabotoa, making it th e fourth loading caus e of d e ath. Many methods of production of rHI ■ 
hnvo boon dovolopod. Inaulin gono3 wo r e first ehomioallygynthosigod for cxprc3aion in Eahcriokia ■ 
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- coli (Crea et aL> 1978). Th e Go gen e s encod e d ooparato inaulin A and B ohoino. Th e g e noo woro oaoh 
— enqproaood in E,coli as fuaion proteins with the p - galac to sidasc (G o cddcl et al., 1979). The JZLxsl 
dooumontod production of till using this system was re p orted by David Gocddel fro m Geiientecli 
(Hall, 1988). Tho genos woro ftU3od to th e Tip {synthas e g e n e , which resulted in incre as ed insulin- 
5 yi e lds due to the Gmall e r fuoion poptido. — This fuoion protein wao approved for oommoroinP 

■ production by Eli Lilly in 1982 (Chance and Frank, 1993) with a product nrrmf* . of Hnmnltn An <=Hr 
Jp9S6» Humulin wac produc e d from proinoulin genoo. Proinaulin oontaino both inaulin chaina and th e 
C p e pt ide that connects them. N o rmal in vittv post-limiblaLiuiial piutxbsing of piuiiisulin includes 
use of tryp s in and oarboxypeptidaoo B for maturation toinaulin. Oth e T data oono e rning oommoroior 

10 p roduc t ion of Humulin and othe r insulin pr oducts ia now c o nside r ed proprietary information and ir 
not available to the public . 

■ Protein Based Polymer s (PBP); Th e oynthetio gene that codes for a b i oel as tic PBP was d esigned* . 
aft e r r e peated amino aoid sequences GVGVP, observed in all s equenced mammalian claslin piutei ns— 
(Yeh et al . 1987). — Elactin is on e of th e strong e st known natural fibers and ia present in a kin; 

15 ligam e nto, and arterial walls t Bioelastic PBPs cont a ining multiple repe a t s o f this pentamgr have 
■ rem a rk a ble el as tic propertie s, en a bling sever a l medi ca l and non - medi ca l a pplic a tion s (Urry et a l , 
1093 , Urry 1995, Danioll 1995). GVGVP polymoro prev e nt ndh e pionc foUowing surgery , a i d in - 
reconstructing tic cue s a nd delivering drugs to the body ov e r an extended period of t i mft . North- 
^jnctican Science Asaooiatco, bio, report e d that GVGVP polymer is nont o x i c ia mic^ nonn 

20 n an ri tiding nnd non antigeni c in guin e a pig s s and non - pyrogenic in rabbits (Urry et al . 1993) : 
■ Fu e B e areh e ro hav e also observed that ins e rting cheets of GVGVP at the site s of contaminate d w o undc - 
inrato roduooo tho number of adhoaiono that form as th e woundo h e al (Urry et al. 1993). In a similar 1 
manner, using the GVGVP to encase muficlos that are out during e y e ourg e ry in rabbito provonta 
quailing following the upualioa (Urry e t al. 1993, Urry 1995). Other modioal applicationa o f* 

25 b i o elas t ic PDPa inoludo tioaue reconstruction (synthetic ligaments and arteries, bo n es), wound * 
coverings artificial pericardia, catheters and piogrammcd drug delivery (Urry, 1995; Urry et aP ., 

■ 1993, 1996) : 

We have expressed the clastic PDP (GVGVP) UJ in^.co//(Guda et al. al.l99S» Briray et al. - 
1997), in the fungus Aspergillus nidulans (Ilcrzog et al. 1 997), in cultu r ed t obacco cells (Zhang e tafc 
30 1 99 5), and in transgenic tobacco p lanta (Zhang et al. 1996). In partioular, (GVGVP)u ] hao bee n- 

■ exp r essed t o such high levels in E.uoli tha t po lyniei inclusion bodies occupied u p to abou t 9 0% of 
the ooll volume. Alno, inoluaion bodies have boon observed in ohloroplaata of transgenic tobaooo 
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plants (see Daniell and Guda, 1997) . Recently, w e r e ported s table transformation of the tobacco 
cbloroplaste by integration and e xpre ss ion the biopolymer gene (EG1 2 1), into the Larg e Single C o py 
reg io n (5 , 000 copie s per c ell) or the Invert e d R e peat region (1Q 5 000 oopi e o per ooll) of th e 
ohloroplast g e nome (Gud a et a l , , 2000) . 

5 

PRP o« ffiicinn Prnfainc cyctemg are now nvailflhlp tr\ simplify protein pirrifirfltirm . 

inoluding the moltooo binding protein (Marina ot nl. 19 8 8), glutathione S - transferaae (Gmith and 
John c ona 1988),biotmykted(Toao otnl. 1996),Morodoxm(Gniithctal. 1990) and iA,lluluse binding ' 
(Ong ot al. 1989) protoino. R e combinant DNA v e ctors for fusion with short peptide s arc available to . 
10 effect i ve l y utilize af o rementione d fu s ion proteins in the purific a tion proce s s (Smith et al ■ 1 QRft ; Kim 
and Raines, 3SP3; Sit al 199?) — Rfirnmhinant proteins are generally purififlri by affinity. 
— chromatography, using ligand s specific to carrier proteins (Nilsson et al, 1997). While these ar e 
m°fiil t A ?hnifp i °fi far Inborn trrry nrnl^ purifi ration, affinity rhTonint^gTnphy f rtr 1 n<r c n p< ^ nlrw 

— purifiontion is tim e consuming and cost prohibitive. Therefore, economic a l — and — non~» 

15 chrom a tographic technique s are nighty de s irable . In a dditions a common s olution to N - termin al. 
^ — d egradation of s mall peptide s i s to fu s e for e ign pept id e s to en d ogen o u s cali proteins ■ Early i n t h e . 
dovelopmont of this toohniqu e , p galaotoaidase (p gal) wa3 uood oa a fuoion prot e in (Goldberg and - 
Goff, 1986). A d r awback o f this method was that the P ' gal pr otein is of relatively high molecular 

■ we i ght (MW 100,000). Therefore, the p roportion of the peptide p r oduct ill t he total pro tein is lowT 
20 Another problem a ss oci a ted with the large ft - g a l fusion is early termination of translation (Burnette) ■ 

■ lOfll i TTall innn) TTi i if nmiwpH whrr\ p jml wn a nn nd to pro duoe human msulin pep tides bec a use 
the fu s ion w as det a che d from t he ribosome rhiring translation thns yielding inmrnplfftfi pnptirifts * 
Other proteins of lower molecular weight proteins have been used as fusion proteins to increase 
peptide produotiom For example, better yield s were obta i ned with the tryptophan synthase (lQQaa) ^ 

25 fiiaion protoino (Hall, 1988, Burnett, 1983 ). 

One primary a d vantage of thi s invention i s to u s e poly(GVGVP) as a fu s ion protein to enable 
hyper-PYpre ssion of insulin and accomplis h rapid one s tep purification of tho fusion peptide. Al 
< low e r temperatures the p o lymer s exi s t as more exte nd e d m o lecule s wh i c h , on rais i ng the temperature » 
above th e transition range hydrophobic ally fold into dynamic structures c a lle d ft - s pirals that further 
30 aggr e gat e by hydrophobic association to form twisted fil a ment s (Urry, 199 1 )« Through exploitation -^ 

^o£iV>ic TPirprc^lp prnpfTty gimplft anH in^Ypffnc^w* PYtrorlinn anH pi irifi ration is perfnrmeH Thft 

temp e rature at whioh aggregation talcoa place (TO oon be mani p ulated by engineering biupulyin e is ■ 
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rnntaining varying nnmhttTQ nf repeats nr changing salt rnr» centra ti nn (Mr>.Phf»rsnn fit nl , IQQfi) 
ATt ^ ar fj™"p Hfi T f>^-ntly rt^mrrngtrgf^ pnrifj^aH/vn nf rAPAmKinflnt prntpi^s hy filfiinn W7th_ 

thenn a lly respo ns ive polyp e ptid es (M e yer and Chilkoti, 1999). Polymoro of diff e r e nt Giaoo havc- 

hnnn c^mthpriTPH anH PVpr/>ggpH in F nnli Tnic appmqrn nan glen pliminatP thp tiapH fpr pyppnoiva 
5 rffagpntR equipment anH rimp required fnr pnnfirarinn 

Thnlpra Tnvin p siihnnit ^ n f»c^n, prntwn Vihrin rhnlfitratt reuses diarrhea fry colrmizin g the 

■ . sm a ll inte s tine a n d pr od ucing enter o tox i ns, nf whir s h fhn cholftra toy in (CT) ts r . onsidffr^d fhr , main . 
c a us e of toxicity . CT ic a hexam e ric ABj protein having on e 27KDa A oubunit whioh hao toxio ■ 
ADP ribooyl tranoferace a ctivity a nd a non - to xi c pe a tamer of 11 6 TrHn B . subnnits that arp nop* 

10 ™ v, "i1'*nt l y lin W into a v?ry ntnblft doug hn ut , ti k ^ fi t ni ^ti i ri p r i n to wh ic h thn tmri f t nerivf (A) mirmnit it 
insrrtfvi — Tag A subiin i t of CT c o nsists of tw o fragments - Al an d A2 whic h arc linkcoH ry'a 
- disulfide b o nd . The eiizymatic activity of CT io looatod oololy on the Al fragment (Gill, 1976). The -' 
A2 fr a gment of th e A subunit links th e Al fragment and tho B pentamer. CT bincta via specific 
interactions of th e B cubunit pentamer with GM1 gangliosid e , the m e mbrane receptor pre s ent on the ■ 

15 intestinal epithelial o e ll curfaoo of th e hoot. Tho A aubunit io them translocated into the cell where it 
ADP - r i bo s yl a teB the Gfi giihu n it of adenylate cy c la s e bringing a bout the increa s e d levels of cycli c 
AMP in affootod oollo that ia aosooiatcd with the elect r olyte and fluid loss of clinical chulma (Ltjbb ns 
pt al , 1 99 4 ) , For optimal enzym a tic activity, the Al fragm e nt noodc to b e o e paratod from tho A3 
fr a gm e nt by prot e olytic cl e avag e of th e main ohain ond by roduotion of th e diaulfid e bond linltieg- 

20 them (M e lcalanoo ct al. 1979). - 

Fvpr a rrinn nnH nrrpmhly nfPTR in trnnggpnirpntgtn tnhftrg Hflg Heen reported (ArflVawfl et 

all 997). The CTD geno including the loader peptid e was fuoed to an endoplasmic reticulum 

rrtrritinn signal (^FTTFlPT ) at tVie ^= rnH tn s^gnest/n- the PTR pmtein within the lumen nf the RP 
Tho DMA frngmnnr fl nnnHiup the 91-nminn 1ennWpf»p+^ rvfthft flTR protein w as retained to 

25 dirart the neirfly r^mtheriTed PTR prntein intn the, lumen n f the KR. Tmrminnblot analysis indicated 

that th<? plant derived CTB protein was antigmirrally inriistingnishahle frnm thpt hartrrial CTB 

■ protein a nd th a t oligorneric CTB molecules (Mr 50 kDa) were the d o m in a n t molecular cp e oi e o 
iGolat e d from tranagenio potato loaf and rubor tissues. Similar to bacterial CTB, plant derived CTO- 
d issociate d int o m o n o mers (Mr^ l S YDa) during hp . at/ar . iri tTralTne . nt 

30 Enssymo linlc e d immunoGorb e nt accay methods indic a te d that plant s ynthe s i7ft d CTB p rotein 

bound s pecifically to GM1 gangliooidca, the natural mombran e reo e ptoro of Cholera Toxin. The 

mavimrim ammint nf PTR prntpin At*tt*ni*A in qinrin innWp/1 rrnnQgeriir pntntn 1f>nf flnH tiihffrticenAg 
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wog approximat e ly 03% of th e total solubl e prot e in. Tho oral immunisation of CD 1 mice* w ith 

trnnnfrrmin pntntn tinminn trnnnfnrmfiH nrith tha TTR gana (o/irmTii of atp>H at w^lrly Wati^c firt r a 

month with a final booster feeding on day 65) has Also bees ir*pcirteri, The levels of sprnm and 
muco sal an t i- ch o lera to\in antib odi es in micg were foun d to generate pr o tective immunity again st 
5 the oytopathio of f e ctc of CT holotoxini Following introil e al inj e otion with CT 3 th e plant immunis ed 
mio o ohowod up to a 60% r e duotion in diarrh e al fluid accumulation in th e sm a ll intestine Systemir 
and muc o s a l CTB « specific a ntibod}' titan? w e re d e tennin e d in both c e rum and f e o e c ooll e oted from ■ 
i mmunised mice by the class ■ specific chemilumineecsnt ELIS A method and the endpoint titer s for ■ 
t he three a ntibody i s otyp e s ( IgM JgG and IgA) were d e t e nnin e d Th e e xt e nt of CT n e utmliBatioa 4& 
10 b o t h Vera ce ll a nd ileal loop experiment s s ugge s t e d th a t anti CTB antibodies pr e v e nt CTbinding ^o 
^"nlflr ^TVfT-gangli^gi^r A 1 ?"; mi~» fH "ifh q g^f tranpg^ni^ p^M^ °yhihitH ffimihr int^ntinal 
p rotecti o n as mi ce g a vaged with 30 g of b a ct e ri a l CTB , Recombin a nt LTB [rLTB] (the he a t l a bile 

entPrOtOTin pmdUCed by FnTfrTOtnxigPnk — 77 ™ U ) ™hir>h io ctniotiirqlly fimr»tirma11y anH v 

immunologically aimilor to CTB wao oxpr e so e d in transgenic tobacco (Amtaen et al . 1998} H a q et al. 
15 1995). They hav e reported th a t; the rLTB r e tained itc antig e nicity as shown by immunopre s ipitatio n 
o f rLTB with antibo di es r a ise d to rLTB from E , gqIu The rLTB protein was of the right mol e cular 

Delivery of Human Insulin: Jnoulin hac b ee n d e liv e r e d intr a v e nou s ly in the p a st s everal year s. 
H ow e ver, mor e recently, a ltern a te metho d s s uch a s n a sa l spray, an? hIso Available Oral delivery of 
20 inoulm io yet another n e w approach (Mathiowit a e t al., 1997) Fngineereri pnlympr mirrnspheTe? , 

a~ ^p-- 11 - . t "~ L J: T^J' "1 — C '"^nmrtiO"" with pnntrniTitnrf|Hi» 1 

mnnrnn nnH nalVnlnr lining tr-a^rc^ hnth Tmi^cgl oKcrtrpt^rR ffpithftKnm anH thf*. fnllir.lft- 

aooooiatod opith e liumj covering the lymphoid tiepue of P e yer' s patche s, Polymers maintain c on tact * 
w i th intestinal epithelium f o r exten d e d periods of time an d actually penetrate through and b e tw ee n 

25 cells , A ni m a l s fe d w i th the p o ly (FA ; PLGA)-enc a p s ul a te d insul in prep a ration were a ble to regul a t e * 
t he gluco s e lo a d b e tter than control s , confirming t h at i nsulin cr o sse d t h e i nte s tinal barrier a n d w a s 
r e l e ao e d from th e microsph e res in a biologic a lly ac tive form (Mat hi ow i ta et a l. , 1997) . > 

B e oidoo, CTB has Qiao be e n domongtratod to bo an offootivo oarrior molooulo for tho 
in duction of mucoc nl immunity to polypeptide s to which it is c h emically or generally rnnjugjl i' d 

30 ( MrKen7ie et al . 198 4; Dertabaugh e t al . 1993)i — Th e production of immunomodulato ry 
tr ancmucoDal carrier molecul e o, Duoh ao CTB, in planto may gr e atly improv e th e e ffioaoy of odiblo 
pla n t vaccines (Ilaq ot al. 1995; Thanavala ot al. 1995; Mason et aL 1996) and may aloo provide 
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a k IftOI) nhmitunmirfn^^t^^m At al 1 QQ^ multiple Cymric (TThrmij 1 1000 Mil W 

e tal, 1992; Woinorotal. 1093) as wcU aa me p r evention of allc f gioandQUogp^ f ejucticjiii ' tatiiuix s 
(Sayogh ot al. 1992; Hancock ctal. 1993). Theref o re, expressing a CTDupioiiuuIiii fusiun wuuldbe 1 
5 ■ an id e al approaoh for oral dolivory of inau fer^ 



i Chloropiast G e n e tic Engin ee ring s — When we developed the concept of chloropiast geneti c — X, 
en gineering (Daniell an d MePaddcn, 1986 U.S. Patents; Danioll, World Patent, 1999), i t waJ 
B ODoiblo to introduoo isolat e d intaot ohloroplactfi into protopl as t s an d regener a te transgenic pl a nted 
10 (Carloon, 1973). — Th e r e for e , e arly inv e otigationo on ohloropiaot tronoformation foouood on tho» 
d ovolopmont of in organella oyot e mG using intnot ohloroplaoto oapabl e of offioiont and prolonge d 

tra uLi ■ ij il H .i. ni^*i . nnn1ntinn (rVminll nnHP^^n 1081. rinnioll nt nl 1 Oft? 1 O ft f^ find QXprOflaicy i of » 

fo r eign genes in isolated ohloroplapto (Dani e ll and M e Fadden , 1 PS7) . H o wo vor , of tm 1 (111 di^uu v> \2 fy 
of < the gene gun aa a tronoformation dovioo (Danioll, 1993), it woo pocGiblo to tranoforui pkm t 

15 ehloroplastA with o u t the uae o f iaolatcd ploatida and pr otoploato. Chloroplaot gonotio engineerin g 
w a3 aceom p liahcd in seve r al p haaoa. Tmnoiont oicproooion of foroign gonoo in plaotido of diooto 
(d aniell c t al., 1990; Yo ot al., 1990) woo followod by ouoh ctadiec in monorots (Daniell et ah , 
1 991). — Unique to the chloro p laat gonotio onginooring io tho dovolopmont of a foroign gone 
ojeproaoion oyotom uoing autonomouoly roplioating ohloropiaot e xpr e coion v e otoro (Dani e ll ot olfr 

20 1990). Stablo intogration of a oolootablo marker gono into tho tobaooo ohloropiaot g e nom e (Svob anoN 
Mabga) 1993) wao aloo oooompliohod uoing tho gono gun. Howeve r , uaefiil genes iioufuikig* 
valu a ble traitc via chloropiast genetic engineering have b e en d e monstrat e d only recently. For 
e xampli, ylauta rcaiatant to D.t. aonaitivo inoooto w e r e obtain e d by integrating the cryMc gono into 
tifo tobacco ohlo r o p loat gonomo (MoBrido ot al, 1995). Planto rooiatnnt to B.t. roaiatant inaoota (up 

25 t o 4 0,000 fold) wore obtainod by hypor oiLproaoion of tho oryllA gon e within the toba cc o ohloropiaot * 
g en o me (Kota et al., 1 999) . Plants havo also boon gonotioolly onginoorod via tho ohloropiaot gonomc 
to confe r horbioido rosiatanoo and tho introduo e d for e ign g e n e s w e r e m a t e rn a lly inh e rit e d^ 
ov e rcoming th e probl e m of out oroco with w ee do (Danioll ot al., 1998). Chloroplaot gonotifr 
migiuc&iiug naa alao been used to pr oduuo pliainia uu ulioul pro duo to that are n e t use d by pl a nftN 

30 ( Otaub ct al. 2000, Guda ot al. 3000). Ohluiuplaal guiilit ullglllLUiiig LuLhuulogj La ourrontly bom g 
applied to other uoofu] oropo (gidorov ot al . 1999 ; Dani e ll; 1 S33) , , * 
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SUMMARY OF P JVEim eN — ^ 
This inven t i o n synthesizes high value pharniaocutioal protoino in nucl e ar trancgeaic p l ants by ^ 
ohloroplaot oKproooion for pharmaceutical protoin produotion. Chloroplaoto ar e suit a bl e for thiEv 
5 p urpoo e b e caus e of th e ir ability to pr o ce ss e ukary o t i c pr o teins , , inclu d ing folding anil formation nf - 
disulfide bridges, thoroby eliminating the need for oieponaivo poot purification proooooing. Tobaoe o 
i a an idoal ohoioo for thio puipooo booauao of ita largo biomaoo, oaoo of ooalo up (million oo e4e-per 
pla nt) and gonatio manipulation. Wo uoo p oly(CVG\ r P) ao a fuoion protoin to e noblo hy par- 

— ~ f »r^rmnpHrh t^A ntin rtfi.p purifi nnti nn nf f i imnn pnptirtnn iitilini w p fe e* 

10 in ver s e temper a ture tran s ition properti e s of this polymeri We a ko nan inmlinXTR fusi on pr o tein in 
chloropIastQ of nicotin e fr ee e dibl e tobacco (LAMB 605) for oral d e li very t o NOD mic . p 

- BR IEF DESCRIPTION OF DRAWINGS- 

Fig. 1 3how9 grapho of Cry2A protein concentration dclcmiinod by ELISA in transgenic 

15 lcavoa. 1 

Fig . .1 ic nn i nrrnm fTcnlrl InfrHfri Hfffr™ ^^^^^py nf n mnt11Tn trnnn^nnin In.nf - 
. Fig , 3 contains photographo of loavoo infootod with 10 id of QxlO 5 , QxlO 4 , GaIO^ ami 8x10* 
' sella of A sywngao five dayc after inocul a ti o n » 

Fi fe. 4 is a graph of total plant protoin mbced with 5 \i\ of mid log phaoo baotoria ftom 
20 ov ernight eultmc, ineubalid fui two huuu dl 2JDC at 123 ipui mid giuwu la LB UluQl UVUllllgUL 
^ Tig. SAigag r a p hof CTDELISAqiiantifioationohownaoap e ro a ntegQ of t o l a l s o lubleplRTte 
protein ■■ 

F ig. 5B io a graph of CTB QM1 Gangliooido binding ELISA assays. * 
Kg, 6 is a 12S<j roduoing PAGEuoing Ch e milumin e ooent d e tection with rabbit a nti. « ch o le ra 
25 oorurn (1 □) and AP labolod mouao anti rabbit IgG (2D) antibodi es. 

Fig fl. 7 A and B show roduoing goto of oxpioooion and ass e mbly of disulfide bonded Gii}^s 1 3 » 
mo no c lon a l a nt i b od y . < 

Fi g. 7C allows a non reducing gol of oxproooion and accembly o f di sulfide bonde d Gu^r-g , 1 > 
gftonnrlnrml nntihnriy 

30 Figs. 0A * F sh o w p ho to graphs com p a r ing betainc aldehyde and apeotinomyoin ooloot ion. 

' Figs. OA and D sh o w bi opo lymor - p ro uiaulin fusion protoin oxproooi on. 
Fig. 10A ah o ws wes t ern bl ot s o f bi o polyntu ' pioinsuliii fusion piuliin after single ste p — 
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purification * 

Fig , 1 Q B ebows west e rn blote of anoth e r biopolymer praingnlin fu sio n pr o te i n a fter c i ng i a 

otop purifioationj 

Fig. IPC ohowo woatorn blotp of y e t anoth e r biopolymeir proingnlin fusion pr o te i n after singlft 
5 atop purifiofttion . 

Fig, 1 1 ohowa biopolymor proinoulin fuoion g e n e int e gration into th e chloroplact genome^ 
confirmed by Southom blot analy a ia. * 

DETAILED DBGCIUPTl6N 
10 A fromarlcoblo foaturo of ohloroplapt g e n e tic e ngine e ring is the observ a tion of excgptioaafl y 

kirgo ciooumulation of for e ign prot e ins in transgeni c plants . Thi s c a n be a s much , a? 4 6% nf PR Y 
prot e in in total colubl e prot e in ^ e ven in bl ea che d o l d leaves (DeC o sn etal . 7QQ1) Stable ryprpssiffi n 
o f a phminacDutioal protein in ohloroplaata woo firot r e port e d for GVGVP» a pr o te i n bared polympr 
W ith varied medical applica t i o ns ( s uch as the prevention of post - surgical adhcaions and aoofa, wound 

200 0). Subsequen t ly, mprcaaion o f the human s o matotro p in v ia tbo tobaooo chloropl a ct g e n o m e 
( Staub ot al, 3000) to hig h l e iro ii (7M of tulul uulublU ]WuLumJ WUU ubum mil, Tliu fullcrtin^ 
in ves t iga t ions that are in progress illustrate tho power of this technology to oxprooo oraall poptidoo/ 
e iitiro oporono» va a cin e F thnt reqnirn ol i g o merir protoina with otablo dioulfide brid^oo oa d 
20 monoclonalo that require ooaombly of h e avy/light chains via rhappmnins Tt is p . ssP i ntial tn ripwl n p a 
s elecliuu system Het uf antibiotic resistant genca for tho odiblo inoulin approach to be successful . 
One such maikc r free chlo r oplaat tronafomiation oyotem hap boon accQmplifihed(DarriHl rt fll ■ 'ffi OO). 
E jcperimontD are in progrooo to dev e lop chloroplast tran s formation of edible leaves (alfulfu and 
lil t un) f o r the, practical applioationo of thic appro a ch . ■ 

25 

"Bn glueeiiug uuvel pathways via the chlo r oplast genome i In plant and nninr a l frHlc, mi r I par 
mKNAs arc t r anslated ni o n o eis tro niealiy. This p o ses a se r i o us pr o blem when engineering multiple, 1 
g enes in plants (Bogo r ad, 2000). Therefore, single gonoa woro firat introduood into individual 

tra nnjmnin plrmtr than thara plnntr urffrp 1wTr./M-nccp>H tr> ™>nrm ctitiite tVif* mUrr* pflttvu/ay nr thp. 

30 co mploto protoin to expr e oo th e polyhydroxybut)TOt e polym e r or Guy=c 13 antibod}? (N a nroth e t ah 

Ma U dl. 1995). Oiniilarlj i , hi a seven year long effort, Yo ot ol. (3000) r e cently introdu ce d a ■* 
se t of thre e genes for a ohort biooynthotio pathway that rooultod in P oarotono oicprooaion in rioo. In* 
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conlraal, most chioroploat gonoa of highorpUuitc ar e ootrancoribe d (B o gor ad, 2 000) , Expression nf^ , 
po flyciatrong via tho ohloroplaot gonomo provid e o a uniqu e opportunity to e xpress entir e pathw a ys in 
a si ngle transformation event. Wo havo recently uood tho Baoillue thwingion&is (Bt) cr>'3Aa3 
op eron as a model system to demonstrate operon expression and crystal formation via tho ohloroplaot > 
5 gen dme (Be Cubia el al, 2001). C/^2Aa2 ia die distal gBiie uf a tlnee-geiie upeiua. The off 
i mmediately upstream o f cry 2Aa2 e o des fo r a p utative chaporonin that faoilitatoa tho folding ^f 
cry2A a2 (and othor protoino) to form protoolytioally stable cuboid a l crystals (Ge et al , 1998) . ^ 

The r ef or e, tho cry2Aa2 bacterial oporon woo cxprooood in tobaooo ohloroplaoto to t e ot th e 
r e sult a nt transgenic planto for inereao e d expression and improv e d p e rsist e nc e of th e aooumulQ >fce4 

10 i «Mnri»f»nl r m*fiii(rA ft-nV i ln fnrmpn Jtana m+ftgroti rm urge rnnfirm P H Viy PPP anH gmithpm VJp t 

nnnlynin in Tu nnri Ti tnn^E"™" rJ""+n i r*ry 0>Ann ~p~™™ a^^^a p™*»i-n o^nmnint^ ^ a* ^ 
t ho total aolublo protein in mature lonvoa and romainod Htablo ovoninoldbloaohod laavoo (46.1%) ao ■ 

E xceedingly uiiLuuliulLibl c niseis (1 Onlay uld cotton bollw orm, bee t army worm) were killed 100% 
15 afte r consuming t r ansgenic loaves. Electron micrographs ahowod tho prcaonoo of tho inoootioidafr 
pr^ ltbi fulded iulu mbuidal nysials aimilai 1 in shape t o Cry2Aa3 oryotalo oboorvod in Baoillu® • 
tht tringicmia ao ohov . ni in Figi 2i In contrast to currently m a rirrtfrd transgen i c plants with snhihly 

nTIV jm^i ' .i i m fnlrinH puntmrin niyrtnlr nra prnr^gnnH wily kp A*» gA*-innnntn tVinUaaMa-^ ft}fflg-ffiit 

pIL This app r oach improvop onfoty of Bt transgenic p l ants . Absence of i ncgft i oidnl pjuliiaii in 
20 l ii mnnir p n l lr n rliminntr i t rrriritj - t n n rn t nr r r t i mrrt i ~i n j-rllrn Tn nflditinn tn th r-r 
eiiviiumnciUally fiieiidly appiuaekes, this observation aorvoo ao a mod e l oyot e m for large . s c al e 
p roduction of foreign prot e ino within ohloroplaoto in a fold e d configuration e nhancing th e ir stabilit y 
a nd facilitating oingl e st e p purification ! Thio ic tho fu jt dumuiutiation of oxpr e ooion of a boototri al 
op e r on in tronagonio planto and opono th e door to engineer novol pathways in pluuLs hi a jing le 
25 transformation ovoh t. 

Expressing small p eptides via the chloroploot gonomoi It ic common kn o wle d ge that the modioafr 

C ationio antibaotorial poptidoo from mammal o, amphibiano and inoooto havo gaiiiod mo r e a t tention 
30 ovel"the4 ast deeade (Ilaneook and Lchror, 1 P9S). Koy f e atur e o of th e c e oationic p e pt i des are a n et 
po si t ive ohorgo, on affinity for negatively ohargod proknryotio membran e phospholipids ov e r 
n eutral ohorgod oukoryotio membrane g and the ability to form aggregates that disrupt the bacteri a l 
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membrane (Biggin and Sansom, 1999). 

■ Th e r e ar e thr e e major p e ptides with a-h e lical structure s, cectopin frnmHyaJophora cacropia * 

(g iant oilk moth)] rnQgaipinc from Xonopus laovis (African frog) an d d e fending from mojnrnali aa 

neutro p hils. Magainin and ita analoguog have boon atudiod na a broad opootrum topical ngonty a 

5 eyct e mio antibiotio; a wound hoaling otimulnnt' and an anticancer agent (Jacob and Zasl o ff, 1 994). 
We r e o e ntly obo e rv e d that a syntheti c lytiG p e ptide (MSI - 99, 2 2 a mino a cids) c an be Guec e ccfullV 
e x p rooood in tobacco ohlo r oplaot (DcGray ct al, 2QQ0). The peptide letaincd its ly Liu aui vity agaiiAt 
the phytop a thogenic b a c t eri a Psaudomonas syringGo and multidrug rooiotont human pathog e n^ 
Ps oudomonao aoruginoea. Tho onti microbial peptide (AMP) used in this study was an anujliipalbiO * 

10 alp ha helix molecule tha t haa an affini t y f o r negatively charged phospholipids c o mmonly found in 
ttfe outor membrane of baotcria. U p on contact with these memb r anes, indivi d ual peptides aggiegati * 
to f orm penes in the memb r ane, resulting in bact e rial lyoifh B e caus e of th e concentrat i on d ependent \ 
a c t i o n of the AMP, it was expressed via tho ohloroplaot gonomo to oooomplioh high doo e dolivory at ■ 
the point of inf e otioni PCR product s an d Southern bints rrmfirmfri rhlnrnplast integration of the 

15 for eign g e nes an d h at nopl a smy , Gr o wt h a n d d evelopment of the transgenic pl a nts w a g nnnff e f t ed 
by^ in^iii i M^iiH i nf Uik AMP wfilun ililnmplawv ffi virm aways wtih T 0 puttuf 
co nfirmed Qiat the AMP was expressed at high levels (21.3 lu 43% of the inial auluulepfutehi)aiul 
lelanied biulugiual activity agaiiibl Fueuilumunus syi inguu, a inajui plant pathogen. In situ as&ay s 
r esulted in intense aieas uf neuiubis aiuunU the point of iixfectiun in cuniiul leaves, while 

20 Uaiisfuuned leaves shuwed uu signs uf neciusis (200-800 ug uf AMP al di e site of infeUiun) a s 
shown in Fig. 9. Ti in vitro assays dgdhisiPseudumunus uwugifivsa (a multi « drug resistant huma n 
path6geii) di splayed a 96% iiiliibiliun uf giu wlh as shuwn in Fig. 4. Thoo e rooulte giv e an e w option ' 
inthcbatdoagainotphytopathog e niotmdw^ijg resistant human pathogenic bacteria. Small pep t ides 
(l ike insulin) aie degiddul hi must uiganisms. Hu wevu a stability uf this AMP in ehl o r o plasta open s 

25 u p thio oompartmont for expr e ssion of hormone s a nd other s m a ll p e ptid es. 

E jgpicsaion and assembly of monoelonnte in transgenic chloroplastsi D e ntal oarieo ( e avitioo) is 
pr obably the moat prevalent dis e ase of humankind* Colonization of t ee th by S , mutatis i s th e single 
m ost importan t risk fact o r in the development uf denial uaiies. 3. muiuw in a nun-inutile, gram 
30 pos itiv e oooouo. It oolonigoo tooth 3urfacca and synthesizes gluuam (insuluble pulysaixhailde) and 
fructans from sucrose using the enzymes ghicosyltratijfoiiibo mid fiuuiuuyluansfeiase lespectwel^ 
(IIc/tL e t al. 1972). The glucam play an imp o rtan t role by allowing t he ba ct e r ium to adh er e to th e 
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smooth tooth curfacap , Th e bacterium fermentc sucrose and produc e s la c tic aci d a fter it s adhffw nce. 
Laetio aoid diagolvoa the minerals of the tooth, the r eby p r o ducing a cavi t y. 

K to p ical monoclonal antibody therapy to p r event adhe r ence of iff. mutat i s to teeth h as 
re cuiill^ been devel o ped Th e incidence of eaii o gcuic bac t eria (in lmuiAiis and animals) and den tal 

5 oa r ioo (in animalo) wao dromatioolly roduood for poriodo of up to Wo yooro aft e r th e ooocction of th e 
antibody thorapy. No advoroo ovonto woro dotootod oithor in tho oxposod animalo or in human 
voluntooro (Ma ot al. 1998). — Tho annual requirement for thio antibody in tho US alono nfto y 
e ventually oicoood 1 metric ton. Therefo r e, this antib o dy waa expressed via the ehloroplaat genome 1 
t0 4tohi e v e high e r l e v e lo of e xpr e ooion and proper folding (Panohal ot al. 2000). Tho intogration 'Of 

10 a ntibody gonoo into tho ohloroplaot gonomo wao oonfhiuid by PCR and Southorn blot antilysi s Thr , > 
exp ressi o n of both heavy and light ohaino wao oonfirmod by wootom blot analyciG und e r reducing 
conditions a s shown in Figs . 7 A and B. The expression o f f u l l y ass embled a ntib od )r way c onfirmeri 
b y we s tern b l ot a n al ysi s under non ^ reduc i ng condition s a s s hown in Fig . 7C . Thie is the first repor t 
o f successful a ss embly o f a multi -s ubmit human pr o tein in tnmsnrnic c hlo r o pla s ts . Pr o duction of 

15 monoclonal a ntibodies a t agri c ultural l e vel should roduoe th e ir ooot and oreato now applioationa of 
taonoolonal antibodi e s . 



Marker froo ohloroplaot transgenic plantsi MoottronofonnationtoohniquoD oo introduoo a gone 
th at confers antibiotic rcaistancc, along with the gene of interest to impart a doairod tr ait. 

20 Regenerating tr ansformed cells hi antibi ot ie containing growth media permi t s aolootion of only th ose 
c cflls tha t have incor p o r ated the f or eign genes. Once tr ansgenic planta are regenera t ed, an t ibi ot ie 
Resistance genes se r ve no useful purpose but they c o n t inue to pr o duce their gene p ro du c ts. One 
a mong the primary concerns of gen e tically modified (GM) crop s is the prss e uuo ililLLal ly 
i iilym inn I antibiotic icaiotanoo geno produoto in tranogonio plantc that could inact i vate oral rinses of 

25 t he aiilibiuLii (nvicwcd by Puchta 2000; Danioll 1999A). Altern a tively, the antibintir? reEictaft t 
^un& ujuld be transferred to pathogonio miorobeo in th e gastroint e stinal tract or s oil rrnrimjifl th em 
re SisUiit lu Ucatujuil with such antibiotioa. Antibiotio roaiotont baot e ria are one of the mvijo r 
c hallengcQ of modern medioin e . In Germany, GM oropo oontaining antibioti c resict'ant geneg b? ve 
b een banned from rol e aflo (P ee renboom 3000 ). 

inc luding high lovelo of gone oxproooion and gono oontoinm e nt but utiligf?s thousands of rnpies of 
th e moot oommonly uood antibiotio roqiotano e gen e o, Engin ee ring g e n e tically modified (fjft/T) cro ps 
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w ithout tho uoo of antibiotic? r e oictano e g e n e c should e limin a te p o tential r i s k o f t h eir tranyff r to the 
env ironment or gut microbes. Th e iefoie, betaiue aldehyde dehydrogenase (DADII) gene from - 
sp inach 1« used herein aa a selectable maikei (Dauiell et al. 2000). The selec t ion p r occaa involvoo 
co rftemluu Of mjdc betaiue aldehyde (BA) by the uhloioplaU DADII enzyme lu nuntuAii gly cine 

5 bet abit, which tho serves as an o s mo pr otcctant. Chloroplasl UUliiifUiilialiui ' i ofQoiuiiy was. 23 flfld 
highor in BA oolootion than apootinomycin, in additi o n to lapid ngeueiatiun (Table 1). TidlA genic 
sh duta appiaiid within 12 days in 80% ufluaf di&us (up tu 23 aliuota per diai) ill DA suliUiun ' 
c oilipaied tu43 days hi 1 J 1 )^ uf disis (1 ui 2 ahuuta pu disi) un apectinomyein selec t i o n ils jLlu vvn in 
Fig.' S. 3uulhiiii blula confirm atable integration of foreign guiua into all o f the chlor o plajt gen o m es 

10 (^10,000 uupics pei cell) r caulting in h o nioplaa t ny . T r onsgoiuotobaoooplonta ahowod 1537 1 8 16S^ 
lligliei BADH activity al differ e nt dc yelopmcntal stages than untrancfonned controls , Transgpnir 
plants weie m o rphol o gically indistinguishable from untranoformod plants and th e introdu ce d tra i t 
w ak stably inheiit c d iu the subsequent generation. This io tho firot report of g e n e tio e ngine e ring of . 
tLfe chloroplas t gen o m e with o ut the use o f antibiotic selection. Use of genes that arc naturally 

15 pii&Liit in opinaoh for oolootion, in addition t o gene luiitaiinneiiL, sliuuld eabe public COnCgfllg br 
p orooption of GM oropo. Also, thio should b e v e ry helpful in th e developm e nt of e dibl e inoulin. — 

E xpression of cholera toxin ft anbuni t oligomers as a vaccine in chl o r o plaals. GTD, wliui 
ad miiii&luiAl orally (Lebcna and Holmgren, 1991), io a pot e nt muco sa l immunogen , which can 

20 ueuualLx die toxicity uf the CT holot o xin by preventing it from binding to tho intootinal oollo (Mor 
et al. 1990). This ia believed to be a resul t of binding to cukaryotic cell surfaces via the Gmi 
gari ^liusides, icceptois pjes> e nl uu th e int e stinal e pith e lial surlac c , Uius eliciting a inucu&al hiuiiu nr 
resp onse to padiogens (LipsLumbe et al. 1 99 1) and enhancing the iminuno roaponoo when ohemioally 
cou pled LO oilier aildgeim (Deilzbaugh and Elbuu, 1 99 3, IlohugiuiJ a aL 1993; Nashar ct al. 199^, 

25 ■Qmict al. 199 4 ). - 

CMlera lOXlli (CTB) has previously been e Api e ssed in nuclear tranagenie planta at levolo of 
0.0 1 (leaves) to 0.3% (lubem) of the total boluble piutehi. Tu hiiium CApiussion hyvila, fr e 
eng inee r ed tho ohloroplaot g e nom e to e xpress the unmodified CTB gono (IIoMiquci lilld D:ilile ll 3 
2 000), We observed exp r ession of oligomc r ie CTD at levels of 4 ■ §9d of total oolublo plant protok t 

30 as shown iu Fig. 5 A. PGR and Southern Dl o t analyses c o nfirmed stable integration of tho CTD go ne 
into the chloroplast gonomo. Wostorn blot analysis showed that tranagenie ohloroplQat ox p ros sed 
CTB was antigenically identical tu cumineicially available pmiiled CTD andgui as shown in Pig. « 6 r 



WO 01/72959 



150 



PCT7US01/06288 



1465-PCT-OO (1577-P-OO) 

Alsu, Qui * gangli o side binding assays confirm tha t ehloroplast synthesized CTD bindo-to the 
i ntoctinal m e mbrano roooptor of oholora toxin aa ohown in Fig. 5B. Transgenic tobaooo plnnta were 
morphologioally inditrringuiahabl e from untronofonnod planto and the introduc e d g e n e woo founefct o 
b e stably inherited in the subsequent gene r a t ion as confirmed by PCR and Southern Blot anal yses. 
5 Th o inor e ao e d produotion of an offioiont trcnomuooQnl oorrior rnoloonlo and dolivory ayatom ; like 
CTD, in chlo r o p la3ta of plnnta makes p lant bnaod o r al vnooinoa and fusion protoinD *ith CTB 
needing o r al administration, a much mo f o foaoiblo approaoh. — Thooo oboorvationD ootablioh 
u nequiv o cally that chloroplasts are capable of femiing disulfide bridges to assemble f or eig n 
p r o t eins, and ideal fo r ex pr ession of CTD fusion protoino. 



Vv\y mtr - pi oinsuliu Rec o mbinan t DNA Vect o rs; One possible insulin expression system inv o lves - 
indep e nd e nt e jipicssiun of insulin chains A and B, aa it has been produood in E.ooli for oommoroia l 
p ut poses in the past. The disadvantage o f t his method is tha t E.coli does n ot f o rm disulfide brid ges 
in tho ooll unlosa tho protein ia targeted to the periplasm. — Hipimivi in vUiu aasLinbly afilr 

15 puhiicatl &l m necei&ai.y fin this appiuaih. Thuuforo, a hott e r a ppr o ach if t o ^pipou tin: lmm i'i n 
proin ^ulin as a pulyinei fusiun pr o tein. This meth o d is ideal beeause ehl or o p lasts o r e ca p able ofr 
fo iling disulfide bridges. Using a single gen e , as opposed to the indivi d ual ehains, cliniinatcs^h e 
n tted uf uuuducting tw o p arallel vcetor construction prooooooo, oo io th e oao e for th e indivi d ua l 
^ha mo, In addition, tho nood for individual fermont a tionc an d pwrifiant i en prnnnrinrnr in nliTirnnf ori 

20 by tho oinglo gone method. In addition, proinculin require b lees pro c es s ing follow i ng eKtrarrti o ft . 

R e cently, tho human pro proinoulin gone was obtnincd from Gcncntceh, Inc. Firs t the pre - 
p iuinsulin was snb-eloncd in t o pUC19 to facilitate further manipulations. Tho noxt atop was to 
dusign piimci ' S to make ehlor o plast expression vcUuia. — Since we arc intciistud in pioin& ulin 
tAjjiraaiuu, die 5' piuuci was dcsigucd Uj laud uu (lie piuinsulin sequence. This FWpiiiuei excluded ' 

25 th e 6 9 lasts cji 23 eoded amin o aeids o f the leader or pr e - scquoncc of p rc pr oinsulin. Alao, tho 
fui waid pihuei included the enzymatic cleavage site fo r the p rotoaao faotor Xa to ■airoid the of 

s uUululilng. The uidei uf Hie FW piiniei sequence is Smal - Xa-faitui <- Piuiusuliii gene. The 
reverse piiniei included BaniHI and Xbal sites, plus a shuil sequence with homol o g y with th^ 
30 p UC19 sequence Iblluwing the piuhisulin gene. The 297bp rCRpiuduei (IfliI Viti) WHJ Wuiiul luIU 



pC R2.L A OVGVP 50 - mci was generated as described proviouoly (Dani H I rat n l. 1 ^^ fStofgXTtTji 
t ho RBS Qoquonoo GAAGGAG. Anothor Smal partial digestion was pirrfonriFd to r1iminat<*+he stdfr 
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cod o n o f the bi opo lyme r g ene, dec r ease the S Ome r t o a 4 0mc r , and fiiao tho 4 0mor to tho Xa - 
p r oinsulhi sequence. Onee the euireel fragment was obtained by tho partial digestion of fimal 
(o toinating tho otop oodon but inoluding tho RBS oito)^ it wao ligctod to tho Xa proinoulin fuoion ■ 
gone resulting in tho oonotruct pCR2.1 -4 0 XaPria. Finally, tho biopolymor ( 4 0mor) Q p roinauli n 
5 fusion gene was subcloncd into the ehl or o -p last vcetor pIJ>CtV or pSDL-CtV and the uiicntaliun 1 
wa& checked hi di e final vectui using suitable lesluctiun S ' i tes. 

Expiesslun and Put ifiuaiiuu uf th e Diupuljinei « piuiusuliii fusiuu yiulciu. XL"1 Dluc strain uf 
E .Wll containing pLD-QC-XaPiis and the negative controls, which included a plasmid containing 

10 the gmc in llii it verse uiientatiuu and \1lcRluU strain williunt any plasmid weie giuwu in TB biUth . 
Cell p ellets were r esus p cndcd in 500 |il of auloclaicd dll^O oi CM Quanidhic hydiuehluiide " 
phoophatc buffci, pll 7.0 wuc sunicaled and ccnlrifuged at 4DC at 10,0 0 0 g f6 f lUtflih. After 
c eutrifugation, the aupcmatants were mixed wi t h an equal volume uf 2XTN buffci (100 nrM Tlltf- 
IIC1, pll 0, 100 mM NaCl). Tubes were warmed a t 42DC for 25 inhi tu induce biupolyinci 

15 aggregati o n. Then the f usi o n pr otein was recovered by ccntiifuging at 2,500 ipin al 42D C fm 3 nil n. 
Sa mples were run in a l f j.5% Tiicine gel, tiansfeued tu the uitiuc e lluluse niembiauc, and 
inmr iinubluUing was pcifuinicd. When Hit suniu eAlracl is in 6M Ouaindine Hydiuclrluiidb 
P husphatu Buffei , pH 7.0, the rnuleculai weight changes Hum its uiiginal and uuuecl MW 24 kD lu fc 
a highei MW uf appiuximalely 30 kDa as shuwn hi Figs. 9A mid B, Thla m probably due m we 

20 cunfurmatiun uf th e biopolyme r in this buffer. * 

The gel was first stained with 0.3M CuCI^ and then the same gel was stained w rrif 
CuinniasMe R-250 Staining Solution fui an hum and then destahred fui 15 niln fliSL, and illtfn 
■ overnight. CuCh creates a negative stain (Lee et al. 1987). Pulyurci piulicins (withuut fusiuii) 
appear aa clear bands against a blue backg r ound hi c o lor o r dark against a light s eniiupaque — 

25 " buuligiorrmraa abown in~ Fig: 9A: ThiT atain wa§~used ^eausc TrtKeT ^lulcilT'sGlhia such -ag-* 
Cuumassie Blue R250 dues nut slain Hie pulyiner protein due lo die lack Uf aromatic aids Crl&lrlS 
(McPhciwu e t al., 1992). Therefore, the observatiuii of th e 24 kDa piuleiu in R2J0 stained gel as 
shewn in Fig. 9 D is due to the insulin fusion with the p o lymer. This observation was furth er 
cfaf lnned by piubing these bluts with the anti-human piulnsuliu autibudy. Aj> andcipatuJ, die 1 

30 pulymei insulin fusiuii prutein was observed in western blots as shown hi Figs. 10A and D. Laigci 
piuteins observed hi Figs. 10A- C ate tetranier and he Jiauiei cumplexes uf piulnsulhi. It is evldeh t 
dial the hisulin-polyme r fUsion p r otelris are s t abls Irl E.dolL Cbnflnhinfe this observation, recently 
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o thora have ohown that tho PBP polymor prot e in oonjugatoG (with thioredoxin and tmnfi' i Triifft' a t)" 
u nd e rgo thermally r e vorGibla phaG e tronoitioii, rotaining tho tranoition bohavior of the froo p etymer 
( Moyor and Chilkoti, 1909). These results clea r ly dcniomtiatc that insulin fiuiuii lias nut affected * 
th o invcrao temperature transition pr operty of the p o lyraci. Que. of the comeim ib the h lability uf 
5 i naulin at tomporaturefl used for thermally r eversible purification. Tempe r ature induced predmliun 
of human insulin Jias been hi uuiiiiueic ial use (Suli uiidt ei al. 1999). Also, the iemrjefawre transition 
can be lowered by increasing the iuniu strength of the hululkm dining puiifiuiliuii of Uiib FBP 
( McPhemuii el al. 1996). Tims, QVGVP-fusiun could be used lo pu r ify a multitude of economica lly 
i iupoitaiit proteins hi a simple inexpensiv e st e p . 

10 

Biuptilymei-pruiiisuliii fusiuii gene eApiessiun in cliluiuplas t : — A& desuibed hi seuLhm d, 
chl or oplast vec t or was bombarded into the tobacco chloroplast genome via particle bombardment 
(Dauiell, 1 9 97). PGR and 3uu(li e ui Bluis w c i e peifumi e d lu ujiifimi biujjulym c i-piuhisiiliu fusi on 
geno integration into chloroploat genome. Southern biota show homop loamy in most Tu lines b ut a 
15 few s howed s o me hctc r o p lasmy as shown in Fig. 1 1 . Western bl ot s sh o w the cxpicssiuu uf puly ni e i 
pr oinaulin fusion p r otein in all transgenic lines in Fig. IOC. Quantification is by EUSAr 

P r ot ease Xa Diges t ion of t h e Di o p o lym e r^ p r o insulin fusi o n pr ote in and rtuifitjliuii of 
P r oinsulin : The enzyma t ie eleavage of the f usi o n protein to iclcasc the proinsuliu piol c in from the 1 

20 (G VG VP) 4 u was initiated by adding the factor 10A protease to the purified fusion pr otein at a r atio - 
( w/w) uf apyiuxiiiiaiely 1 .50 0: — Cleavage uf Hi e fusion piotein was monitored by SDS»PAQE ' 
analysis . We detected cleaved pr o insulin in the ex t racts is o lated in 6M guanidine hydr o chlo r i d e 
buffer ao ohown in Figa. 10A and B. Conditions a r e nowoing optimized fo r comple t e cleavage. The 
Xa pr ot ease has been successfully uacd proviouflly to oloavo (GVGVP)iu GST fusion (McFh o rcon fet 

25 al. 1992 ). 

Evaluation of chlo r opla s t gene expression! A oyotematio approach to identic an d o verc o me 
p otential limitations of foreign gene expression in ohloroplasta of transgenic p lants is essential . 
Inf uimatiun gained heieiu increases the u t ility of chlo r oplast - tran s formation sy s tem by scient ists 
30 ' Inl e i e hleU in e xpressing uthci foicigu piuteins. Therefore, it is imp o rtan t t o sy s tema t ically anal yze 
Uanscripti o n, RNA abundance, RNA stabili t y, r a t e o f pro tein synthesis and deg r adation, pr o per 
-folding and biological activity. For OKomplo, tho rate of tranooription of tho introduoodinoulin g ene 
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may be ouinpaied with the highly ex p ressing cndogonouD ohloroplaot gonoo (rbol^ pobA» 16 S 
r RNA), using imiuu Umrsiription assays to determine if tho 16SrRNA promoter io op e rating as 
e xpee t ed. T r ansgenic chlo r o p last containing each of the three constructs with different S l regions is 
i nves t igated to teat their transcription efficiency, Similarly, tranagono RNA levels io monitored fe y 

5 horthc r ns, dot blots and primer ex t ensi o n r ela t ive to end o genous rbcL, 103 1RNA, ui psbA. These * 
r esults al o ng with run 011 transcription assays sh o uld piu v idi valuable iirfuiniatiun uf RJQA stabdrty , 
p r o cessing, etc. Witli o ur pas t experience in expi e ssiun uf sev e ial fuieign genes, fuieign transcri pts 
a p pea r t o be extrem e ly stable baaed un nurtheni blui analysis. However, a systematic Study is 
vak mblo to advance utility of this system by udier scientis ts. 

10 Important^, the cfflGienoy of tranclation may bo tested in isolated diloroplasls and ujinpaieU 

wit h the highly t ranslated chloroplast protein (psbA). Puls e chas e e Ap e irin e nts h e lp assess i f 
t r ' knslaliunal pausing, premature leiminatioii occurs. Evaluation of p e nent RNA luad e d un 
pol ys o mes or in constructs with o r without 5'UTRs helps determine the efficiency of the ribusurm 
binding bile and 5' s t em^loop tianslati o nal enhance r s: Codon optimized genes arc also comporod 

15 widi unmodified g e n e s tu investigate the late uf liansladun, pausing and termination. In ou r r ece ht 
e xperience, wc obse r ved a 200"fold difference in aimniuladuii uf fuieign proteins due to decreases * 
in proteolysis confe r red by a p utative chapc r onin (De C o sa et al. 2001). Ilieiefuie, piuteiirs fiorfi 
funstmcts expressing l>i nut expressing the putativ e chaper o iiin (with or with o ut ORTl 1 2) provide — 
valuable information o n pr o tein stability. Thus, all of this information may bo uaod to improve th e 

20 next gene r ation of chloroplast vectors* 

0 |/UmiAfllhm of gene exp r ession : Wc have r e po rted that foreign genca arc cxproaood botw ee n 3% \ 
(cry /2Au2) and 46% (cry2Au2 uperun) in transgenic chluiuplasls (Kula el al. 1 9 99, De CuSa et al. 
20 01). Several ap p roaches may be used to enhance lidnslaliun uf Ih e lecunibinaiil piuieilis. Ill 

25 ohlo r oplaata, t r anooriptional r egulation as a bottlo - nock in gone exp r ession has been ove r come fr y 
<%trrrz ing the sUong lunsliluid ve promoter uf the 16s iRNA (Pun). Que advantage ofPnii to thai It m 
recognized by both the chlo r o p last encoded RNA polymerase and die nuclear encoded cliluiuplas t 
KNA pulymerase in t o baeeo (Allis o n et al. 19 9 6). Several investigato r s have utilized Prrn in theh 
studies tu u vercume di e initial hurdl e uf gene expressiun, Uansciipliuu (De Cusa et al. 2001, Elbl et 1 

30 21I. 1999, SUiub cl al. 2000). KI4A stabling appears tu be une auiu ug the least piublcms because of 
observa t ion of excessive accuniulaliun of foreign Uanscripls, al limes 16,900-fuldliighei ihau tii e 
highly f t Tpr a gFingnn^lf > aTtmnrr;"ni>p1nn1n (T i p? n tn1 i M « mu ^ uipu i inni ■ M^uui m^ 
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f RNA stabili t y in chief op lasta auggoat that offorto for optimising gen e e xpr e ooion need to b e 
addressed at the posMranso r iptional level (Iligga ot ol. 1999, Eibl ot al. 1999). Our work foouooo on 
ad dressing protein ex pr essi o n p osMranscri p tionalry. For example, 5~ and 3~ UtKo are n ee d e d for > 
opti liial nauslatiun audniRNA s t ablilily of cMo r o p laat mRNAa (Zorgoo 2000). Optimal ribooom al 

5 bi nding sites (RDS - s) a s well aa a stem - loop atruoturo looatod 5~ adjac e nt to th e RBS ar e n ee d e d for ■ 
efficient lianslati o n. A r ecent study has shown that roplaoom e nt of th e Shine Delgarno (GGAGG) ■ 
vClttl Hie psbA 3- UTR duwnstieain uf the 163 iRNA piomu t cr euhanecd t r onalation of a foroig n 
■ gene (QU3) hundicd^f o ld (Eibl c t al. 1999). The r efore, tho 200 bp tobaooo ohloroplaot DMA — 
flagmunl (1680-1480) cunUiiiinig 5- psbA UTR may be used. This PCR product is inserted ' 

10 do wns tr eam of the 100 rRNA pi ' omulci to enhance translaliun uf llie lecuinbhianl piutehis. 

Ye t an o ther a p proach fo r enhancement of translation ia to o p timise? oodon compoaitionfl. We ■ 
have luinpaicd A t 7% con t en t o f all foreign genes that had been expressed in transgenic ohloroplaotD 
wi t h the percentage o f chl o r op last e xp ression. We found that highe r levels of A 1 T always c orr elate d 
with high exp r ession levels (see Table 2). It is alaei potentially pushible tu mudify eliluiuplasr 

15 protease recognition sites while inudifyiiig cuduns, withuui aflecling their biuloglcal flmcil ' o ns. 
Theiefuie, uptiiniziug cudun cunipusitiuns uf iiisulhi and pulyniei genes to match the psbA ge ne 
ahuulU enhance the level of lianslation. Alth o ugh rbcL (RuDisCQ) ia tho most abundant protoin on 
eailh, il is nut Uanslated as, highly as the psbA g e ne due t o th e eAtieinely high t urnover o f tho psbA 
gene p r oduct. The ps bA gene is und e i str o nger selection for increased translation efficiency an d is 

20 th e most abundan t thylak o id p iuleni. In additiun, the cudun usage in highei plam ehlut ' uplastfa is 
b iased towards the NNC codon of 2- f bld degenerate gruupa (i.e. lie uvei T TT, GAC over QAT , 
CAC ove r CAT, AAC over AAT, ATC over ATT, ATA etc.). This is in addiLiun tu a sliung bias" 
towards T at the third position uf 4-fold degenerate giuups. Th e i e is also a cunte^t e ff e ct dial sliuu ld 
lie taken kilo cunsideialiun whil e niudifying specific codons. — The 2 - fold degeneiatc sites ' 

25 ' iunnediately upsUeam Hum a QNN cudun do not show this bias towards MNG. (TTT GGA is — 
' flreferted to T IC GGA While TT C CG T is preferred TO TTT CG T , T TC AG1 to T 1 1 AGT and T T C 
TCT tu TTT TCT, Muilun, 1993, Muitun and Beinadetle, 2000). In addition, highly exp ressed 
' uhluiuplast genes use QNN more iiequently t hat o t her gen&s. — me disclftfcure til Web site 
lnlp./Avww Jmziisa.ui.jp/cudun and http.//w ww.ncbi.nhn.nih.gov may be used to uptiniizc cod on 

30 Composition hy compai ' ing eod o n usage o f different p lant s p ecies" 1 gonomoa and PabA^a genes. * 
ADUndance of amino acids in chluruplasls and lRNA anlicuduns pi c&cnt hi chloroploot may be taken 
hilu cunsideiaiiun. Optimization uf polymer and pruinsulin may be peifoimed using a novel PCR 
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approach (Prodromou and Pearl, 1992; Casimiro ct al. 19 9 7), which has b e en smiissfully used ill — 
our laboratory to optimiz e oodon composition of other human proteins. — 

Vector constructions : pLD vecto r is used for all thi luushmts. This veitui wdbt developed R)! ' 

5 <' chlor o plast transf o rmati o n. It contains the 1 6 S r RHA pr omoter (Prm) driving the selectable marke r 
ge ne aad/i (aminoglycoside ad e iiyl Udusfeiase ujiifciihig lesiatance U) specillioiii^ciii) fullu wed by 
th e multiple cloning site and then the psbA J r egion (the terminator from a gene coding fo r 
frhotocyGt e m II r e aotion o e ntor oompononto) from tho tobaooo ohloro p laat genome. The pLD vector 
<io o univoroal ohloroplaat ojeprosoion /integration vecto r and eaii be us e d tu Uaiisfuiui uhluiuplA t 

10 g enomes of seve r al othe r plan t speeiis (Daiiicll tt al. 1 9 98, Daniell 1999) because Qiesie flanking 
aoquonooo aro highly oonaorvod among higher plan t s. The mii vusal veutui usis tt iiA and tt ill genes ' 
( dhlo r oplaat tronafcr RNAa ooding for Alanine and Iaolouoino) from the invortod ropoat r egion of the" 
t obaooo ohloroplaat g enome as flanking sequences f o r h o m o logous iicumbhidtiuu. Diuause di e 
uAivcisal vu/lui inligialcs fuitigu guies within the Inverted Rupial xugimi of the Uilumpidsl ' 

15 g fc nuiiie, iL shuuld doubl e die lupy umnbei uf the Uausgeiic (Hum 5000 lu 10,000 tuyies per ixll hi ^ 
t ubduuj). Fiirthemioie, it has been dem o nstiated that homoplasmy ia achieved even in the firs t 
*iuuiid uf selec t i o n in to baeco pr o bably because o f the pr esence of a ehlo r o p laat origin of replication 
^wit luii the flanking sequence in the univorQal vootor (thereby providing morp tpmplatfis far 
i ntegration). These, and sivcial o ther reasons, foreign gono e xproccion was s hcwim tia faf? rnnc h 

20 high er when the universal vooto r was used instead of tho tobaooo sp ecific vector (Guda ot al. 2000) . 



CTB-Piuiiisulin Vectui C o nstiuttiun. TU^ ehlor o plaat ex pr ession vector p LD CTD Proino may 
h i ctuihtiuuted us fullu ws. First, both pr oinaulin and oholora toxin B oubunit genes were a mp l ifi e d* 
fro nt suitable DNA usiiig pihn e i sequences. P r ime r 1 contains tho GGAGG ohloroplaat prof e rrod 
25 ribosome binding site flva nWMflOlldeti ups ' tieam uf the start iuduu (ATG) for the CTD gono and a 
auiT&ble res t riction eimynie site (Spel) fui iiisulion into t he ehlo r o p laat vootor. Primor 2 oliminojtoG' ' 
the Slop COdOIl and adds Lhe fust twu diimiu aiids uf a fliAiblc hinge liUupuplide GPGP go roportod — * 

\iy n . i m ... I ■ I j . 1 (10H7) *n fn w i Utnfn fnl^ng ryTtln,- PTPl-prniTiciilin fiiQ^Ti prrrti^n Primer 1 arid* 
f l i u i Minui u i u»n inniiM. nft i Hn fni+Vir. h\r*£n tnfr^ ■pfjrHH^ «r»H ^T-ninaf^c th<* pra-gftqilPnce nf tHft. 

30 native pre-proinsulin. Prlttlfer' 4 aflflS a aultable reslliutiun site (Spel) fui bubeluiiiiig into the 

Mf fll i upluu l urn hn AmpHfinH Tim prnrlnntn mny >in inrprtpH iTito tViA TA Hrmingr vector. B oth the ^ 

C T B and prolxiijullii PGR fragments ' may be excised at die Sural aud Xl i al lesuiuiuu situs. Elutid \ 
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feag mmts all ligafccd in to the TA oloning vootor. Th e CTB proineulin fragm e nt m a y be e x cised a t 
t in EluRI aiLus and inserted into EooRI digootod dophocphorolated p l. D vecto r. 

Th e fulluwing vect o rs may be designed to oplimiao pfotbin oxpr e acion, purification an d 

5 



10 



15 

a) Uoing tobaooo planto, Eibl demonstrated, in vivo* th e diff e r e n c es: in traafibtion y 
e ffici e ncy and njRXA stabili t y o f a CUS re po rter geno duo to various 5~ an d 3= imtnn?h ted 

20 rogiono (UTR~p). Thio airoady doooribod systematic tr ansc r iption and translation ana lysis 

ocm bo uaod in a praotieal endeavo r of in s ulin production. Cun&isttiit with Hibl-fr (1 9 99) ddfei 
fui. inuuasul Uflii&laiiun e fiiiiency and inKWA stability, the psbA 3- UTR tan lx ibid in — 
aduiliuu with Oil jJsbA 3- UTR already hi uau. The 200 bp mbaCCO chloruplflSt UNA ' 
f fafeiueirt containing, 5 psbA UTR may be amplified by PGR using tubatco cMoroplaiit " 

25 DNA ao t e mplat ei This fragment may be clonod directly in th e pLD v e ctor multipl e cloning 

sit e downotream of th e promot e r and th e aadA g e n e i Th e clon e d cequ e no e may b e oxaotly* 
t he same as in the pabA gene. 

b) A liulhei approach of protein pr o ducti o n in ehlor o plasts involves p ot en t ial in strim — 1 
c iysiallizatiun fui facilitating pinificatiun. The wy2Au2 Bucttius tfiurtngtwusts uyeiun ■ 

30 duived putative ena p c ro nin may be used. E xpr ession of the cty2A\x2 o peron in ehlo r opla sts 

p x f uvidc& a model sy st em for hy p cr - c jepr casion of fo r eign p r otein s ( 4 6% of total soluble 
pr otein) in a folded cunfiguiatiun enhancing then stability and facilitating pmiflcaiiun XDe 
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O o sa e t al. 2001). Thia justifies inoluaion of tbo putativo ohnporonin from tho Gi<yDA a 2 
oporon in one of tfac newly designed construc t s. In this regi o n thei c <ne two upen leadiuy — 
frames (OIU71 and OIU72) and a ribosonial binding site (rbs). This sequence cumains 
el ements necessary fo r Cry2jia2 cryatollifflation, whiohholp to oryatalliz e inculin and aid in 

5 Sl ibaCqUCnt p u r ification. Rnnnnri a fiil niyntnll i nntinn nf nthnr- p™t/^nr ngin^r thic pnta tiiK* 

c hapcjoninhaa been dem o ns tr ated (Gc a al. 199Q). The QRT1 and ORF2 uf the Bt Cry2AU2 
op feron may bo amplified by PCR using the complete upciun as a template. Subsequent 
cloning, uoing a n o vel PGR technique, all o ws f o r direct fusion of tlxi& sequence immediately 
Lfjjfati earn of the piuinsulin fusion pro t ein without alt e r i ng tho nucle o tide acquonoo, whioh io 
io normally necessary lu provide a restriction enzyme site (Hor t on e t al. 1 9 88). 

c) To addiess codon optimization the proinsulin gene may be subjected t o certain fflftdli ' tektio ns 
in subs e quent cunsUucts. The plastid modified p r olnsulln (PtPriS ' J 65n haVe its nucleotide — 

* sequence modified 3uoh that tho oodona ore optimized for ploatid expression, yet its amino * 

a\^id S ^4 utilise loli'IUlua identical tu huiiiaiipiuiiisuliii. PLPiis is <m ideal aub&ULulo fui L.uiiici±i 
15 pruuisului m LLc CTB fusiuii peptide. The CApiesbduu of this construct can be compared tu * 

< the native human proinsulin to dctorniino the affects to oodon optimisation, whioh oorvo to 
uue r e l c yaiit mechanistic pa r anaeter of translation. Analysis of human proinoulin » 
g e n e sho wed that 48 o f its 87 codons were the lowest fr equency c o d o ns in then ohloropioot for — 
die diiiiuo acid for which th e y e ncod e . Foi example, thtae axe six difleienl coduna foi — 
20 feueine. — Then frequency within the chloioplast genome ranges flom 7.3 tu 30.8 per 
thousand codoiis. Tlieie are 12 leucines hi pioinsulin, 8 have the lowoot fxequon c y codone 
■ (7.3), and none code for the high e st fiequeney cudons (30.8). In the plastid, optimized 
■ preimulm gene alt t he e o d o ns e o dc foi the mus t frequent, whucas inhuman piuiusulin u v e i ' 
half of the cod o ns arc the least ficqu e nt. Human pioinsulin nucleotide sequenc e contains 
25 62 00 C I G, whe r eas p lastid o p timised p r oinaulin gone oontain 3H6 C I- Q. Gonornlly, l e wor 

"O \ Q content of foreign genes correlates with high e r lev e ls of expiehbiou (Tabl e 2) . 

d) Aiiutlicr version o f the p roinsulin gene, mini "prouiaulin (Mpris), may also have ita eodon s 
ajrriii iued fui plastid expression, and its amino acid aoqucnoo doea not differ from huma n 

' prolIiSUlin (Pris). Ptis- sequence is B Cliain-RR-C Chain-KR-A Chain, wheieas MFiii- 
30 s equence is D Cbdin-KR-A Chain. The MPiis sequence excludes die RR-C Clid rg . uvlikJi is 

n o rmally orcoiood in proinDulin maturation to insulin . — Th? C chain of proingwlin. is an 
ttnnecessaiy part of in vitro pioduction of nisulin. Piuinsulin folds tnopeily and fom* frtfae* 
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> a p p r o pr iate disulfide bonds in the absence o f the C chain. The remaining ICR. mutif lli at 
<bxi8ta botwecn the D chain and the A chain in MPris allows f o r niatuie insulin piud rrctroti 
■ upon cleavage with, trypsin and carboxype p tidase D. This lonsUuct may be u^ei! fUFouT 
tii o p o lymcr f usi o n pro tein. I f s cod o n op t imiza t ion and amin o aeid sequence is ideal fui 1 
5 ^ mature insulin production. — 

e) Qui i uncu t human pr o insulin - bio po lymcr fusion p rotein contains a facto r Xa proteolytic ou t 
— site, whioh aorvoa as a oloavago point between the biop o lymci ' and the pioinsulin. Cuuuitly , 

< s lcavago of tho polymer proinaulin fusion pxotuu wiLU the fuctur Xa has been inefQuiem ltf 
our hands. Ther e fore, w e i c ulaue tliis cut site with a. trypsin cut site. This eliminates the ' 
10 nood for tho oxponaivc factor Xa in processing pr oinsulin. Since proinaulin is currently 

■ prooooaod by trypsin in the fo r mation of matu r e insulin, insulin ma t urati o n and fusio n 
p e pt ide cleavage can bo aohiovod in a aingl e ot e p with trypsin and oarboxypeptirififffi* R , . 

f) We o bse r ved inc o mplete translation pr oducts in p iastids when we exp r essed the 1 2Qmcr gen e 
( Quda it Ail. 2000). Thoroforo, whjii cxpi ' ossing the p olymcr ' pToinaulin fusion prot e in, wo 

15 decreased the length of the polyme r protein to 4 0mcr, without losing the thermal respo nsive 

propel t y. In addition, o p timal codons fo r glycine (GGT) and valine (GTA), which constitute 
' 80% uf th e total amin o acids of the p olyme r , have been used. In all nuoloor onoodod gone s, 
glycine makes u p 147/1000 amino acids while in tobacco ohloroplaoto it io 129/ 1 OOd Highly 
e xpressing genes like psbA and rbcLof tobacco make up 192 and 190 gly/1000. Thcroforo 3 " 

20 glycine may n ot be a limiting facto r . Nuclea r genes use 52/1000 proline ao oppoood ' t o 
4%/ 1000 in ohloroplasta. However, currently U3cd codon fo r p r oline (CCG) can be modifie d 
Il> CCA ox CCT to further enhance translation. It ia known that pathwayo for proline and ■ 
valine arc oompartmontaligcd in ohlo r o p lasts (Guda c t al. 2000). Also, piulnrc is knu wn lu — 
■ accumulat e in ohloroplaoto ao an oarnoprotootant (Danicll ct al. 199 4 ). 

25 g) Cudmi compaiiaun of Oik CTB geue wlUi pabA, showed 47% homology with trie fflog r 

uf die pbbA gen e . Cuduu analysis shuwed that 34% uf the uuduns uf CTD 
are complimentary to the tRNA pop ula t i o n in the ehl or o p lasts in c o mparison wi t h 5 1% o f 
psUA uuduns that are complimentary to the ehloroplast tRNA population. Booauo e of the 
tllgll levels of CTB exp iessiun in Uaiisgenie chluiuplasts (H e nriqucs and Danicll, 2000), 

30 tiieie will be no need to modify the CTB gene. 

DNA sequence 6t all coflStfucis may be determined to confirm die conea uiimtatiuu o f 
gene£, in fr ame fusion, and accuiatc sequences in tho recombinant DNA co n structs . DN/ T 
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'O e qu e ncing may b e p e rform e d using a P e rlrin Elmer ABI priom 373 DMA ooquonoing oyGtom uninfe a 
API Piiiui Dy i Termina t ion Cyolo Soquonoing kit Inoortion oitoo at both endc may be ceiquepce d 
ruing primorG for ftach ctran d. 

EApus&iim uf all diloroplas t vecto r s arc first tested in E.coli before their uao in tobnooo ' 
5 tr aiisfumiatiuu because o f the similarity of pr otein s ynthetic machinery (Brixlcy et q1. 1007). Fb r 
E&uhe/ ichiu lvU ejipiesMuii XL u I Blu e stiaiiJ wa& used. E.vvii may b e Uausfuiincd by a staudaid ■ 
CaCl2 luulhud. ' 

Bombardment atifl Regen eration of ClUuroplasl Timisgenii Plants. — T o bacco (Nw&tiana 
10 tubui,uni vai. Pi^tit Havana) and uiiuline flee edible lubaccu (LAMB 605, gill flOlll Dr. Ktfita 
WycofY, Planet Bio Leclmology) plants may be giuwii aseplically by gemiiualiun uf seeds unMSO — 
rfiediuin (Danicll 1993). Fully expanded, daik gre e n leaves o f about twu month old plan t s may be > 
us e d fui bombaidniLiit. 

^ Leav es may be plated abdJiial side up oh a WhaUiioiiNu. 1 filter pap e r laying on the RMQ P 
15 iiicdimn (BauUl, 1993) iu slandaid petrl platen (.11)0 X 13 mm) tor bombardment. Goto (U.o um) 
TOicroprojootilcs maybe cualid withplaAmid DNA (dduiuplast vettuis) and buuibaiUiiujiiLS CLuii ed 
out with Hie biolislic device PDSIOOO/He (Bio-Rad) as described by Daniell (1997). Followin g 

Two days after bombardment, loavc9 arc chop p ed into small pieoos of ~ 5 mm 2 in aiso and plaood -ea* 
20 tho oolootion modium (RMOP oontaining 500 ug/ml of cpeotinomycin d ihydrechl o ririfQ writh ahfrvial 
aide touching the medium in deep ( 1 00 x 25 mm) pctri plates ( ■ 1 0 piooca pop plato). Tho rogonorate d 
ij j r rt in nmyr i n mintnnt nhrntrr nrr "hnpr^^ iTitrr nrnTill pir"f n (^?r"m 2 ) °\ ti a ni^^^^i a-^oU 
p ctii pla t es ( - 5 p ieees p er plate) c o ntaining the same selec t i o n modium. Reaiatant ahooto from the 

25 nig/lit c i and speitinuniyiiii dilry dioddmide, 500 uig/liici). Ruoted plants may be tr anafcLTcd to joil * 
and g r own at 2 6 DC undor oontinuouo lighting conditionB for further an a ly s i s, > 

Polymerase Choln Reaction* PCR may bo porformod uaing DNA ioolQtod from oontrol and 
tra nsgenic plants to distinguish a) true chlo r oploat transfuiinoiits from mutants and b) chloroplaat) 
30 transforinants fr o m mielea r tr ansfomiants. Piimci ' s for tes t ing the presence of the aadA gene (tht rt 
co nfers speethiornycin resistance) in transgenic plants may bo landed on tho aadA co d ing sequ ence 
a nd 1C0 rRNA gene (piimcrs 1P&1M,). Tu test cliloiuplasl iniegia t lon Of the Insulin geflg, ftne 
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pftnacr lands on the aadA gene while an o ther lands o n t he native chl o roplast genome (primer s 
OP&.3M). No PCRpioduct is o btained with uuiluai transgenic plants using this &U uf piinicm. Tto 
pas ser oot (2P & 2M) may be used to test integration o f the entire gene ea&seLte widiuut any inmillal 
deletion or looping out during homologous recombina t ion, by lauding uu LLiu i B LpuLti ve 

5 r ecombination oitca. ■ A similar st r ategy has been used suc^s&fully by us lu eunfnm lUluiuplaU " 
in tegration of foreign gonoo (Danioll ot ah, 199£; ^ftota ot aL, Guda ct aL, 20Q0). Th is 

s creening io oooontial to e Umiriate j&irfantR and miclrnr tnmgfnrmnn ta.^Jflia 1 T\N\ rfrngi 
unbunibaidcd mid Uansgcnikplaiits may be isolated aa doaoribod by Bdwardo ot al. (1PQ 1) to oond uct 
PGR analyses in transgenic planto. ChloroplaottranDgonio planto containing th e proinculin g e n e moy > 

10 then be m o ved to sceend f ound of selection to aohiovo homo p lao n ay. ■ 

So uthern Blo t Analysis : — fluutkem blo t s arc performed tu defccimiiie t li£ copy number of the — 
i nt r oduced fo r eign gene p e r ecll as well as t o test homoplnamy. The r e arc several thousand eopiea of ■ 
t he ehl or o p laat genome pr esent in each p lant cell. Therefo r e, when foreign gonoo arc insetted intc> 

15 the ehluiuplast genuine, it ia p o ssible that some of the ehloroplaat gonomoa havo foreign gonoo - 
integrated while o the r s remain as the wild type (hotoroplaomy). Therefore, to onouro that only the 
(tran sformed genome exists in c e lls of transgenie plants (kuiuuplasniy), die selection piueess is 
cor rtinueil Tu canfiini that the wild type g e nuin e dues not e jiisl at th e end of th e selecliun cycle , 
to tal DNA £ium transgenic planU> shuuld be piubcd with the chl orop last b or de r (flanking) soqucnecs — 

20 (t he trnl-tmA fragment as shown in Figo. TLA and 3B. — If wild typ e g e nom e s are present — 
(hetcr o plasmy), the native fragment b'uuu is ubsci vcdalung willi tiaiibfumied genomes. Tliepiesenc ' e 

i f i li ii L ' fi i ^, nf (rim t n inn n rfirv n f f*r n i™ c nnnnn "+ u;n fhafia^^goAqii^Ti^^nHahsftnnft^f 

the native email fragment oonfinno homoplaomy (Danioll et al, 1990; K o ta c t al., 1900, Guda el ul., 
2000). 

25 T ht cupy number of the intcgiated gene is determined by establishing huinuplasmy fui the * 

tra fogeuie ehluiuplast g e nuine. Tubaccu Chluiuplasts cuiitain 5000*40,000 cupies of their gcnuA ie 
p ei t e ll (Ddiiiell el al. 19 9 B). If unly a fraction of the genurncs are ac t ually tiansfoimcd, the cupy 
mrinbei, by d e fault, must be less than 10,000. By establishing dial in the transgenic die ImWln ' 
i iis c ited Udiisfuiined genuine is die only une piesenl, une can emablimi tim the Copy rrUrhber" is ' 

30 5000^10,000 pu cell. This is usually done by digoating th e total DNA with a suit a bl e re s tri c tion 
en zyme and pr obing with the flanking sequences that enable huinuluguma lccuinbiiiatiun inlu die * 
chloroplast genome. The native fragment present in the control should be absent in the transgenics. 
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T heTabsenec of natrvo fragment provoo that only th e transgenic c hloropl a st genome i s present in the 
ooll and there is n o native, uiidansf muled, clduiuplam genom e, without the Insulin gene present. ' 
This ostabliohoa tho homoplarnnio. nnturo of tho transfo i roanta, simultaneously pr oviding aii estim ate 
< of 5000 10,000 oopio9 of tho foroign gonoa par ooll. * 

5 

W o i lli c m Bl o t Analysis. Northern blots may be pu. fui mid to tc&l the efficient uf uausuipliur rcrf 
t ho pr oinaulingono fuaodwithCTB orpolymor gonoB. Total RNAifl isolated from 150 nig of frozen ■ 
leaves by using thi "Ruui&y Plant Tulal KNA Ibulaliuji Kil" (Qiagmi Iiiu., Cliais wuiili, CA). RNA 
( 10 <1Q pg) io donaturod by formnldohydo troatmont, aoporatod on a 1 2% agarose gel in the presence 1 
10 o f fumialdeliy de and Li aiibfeiitd lu a niliocelhilosc membrane (MQI) as described in Oambroole ot al. 
{1989). Probo DMA (proinpulin g e ne ooding r e gion) maybe lab e led by the random . primrri method 

( T ramtfga) Willi ^ 9 ' P-dCTP isulupu The blot ia then pro hybridiz e d, hybridised and wa s hed as ^ 

\khuiibul abu vi fui southern blot analysis. T r anscript lovola may bo quantified by th e Molecular 
Aiialym Piugraw using die QS-700 Imaging DeiisiLuineiei (Biu-Rad, Heicul c s, CA) in Lhe lile, * 

15 

Polym e r - in s ulin fusion protein purification, quantitation and cliaractei iraliou: — Because 
p olymor insulin fuoion protoino ojthibit inverse temperature transitio n properties as shown iu Fig*,. 9 — 
an d 10, thoy may bo purifi e d from tranogwni f T pln n to esc e ntialry following th e came method d escribe d 
fo r polymer purifioation from transgonio tobaooc i planU (Zhang BL al.,19D0). Polyme r extracti on 

20 buflei LUiitahis 50 inM Tiis-IICl, pll, 7.5, 1% 2-meiaplufc;diaiiul, 3mM DDTA and 2mM PM3F and — 
0.8 M NaCl. Tho homogcnato ia then oontrifugod at 10 9 0Q0 g for 10 minutoo (4 DC\ and tho pollot 
di scarded. Tho supernatant io inoubatod at 13DC for 30 minutes and then centrifu g ed immediat ely 
ffor 3 minutoo at 5,000 g (room temperature). If inoulin io found to bo oonoitivo to thio temperature^ 
T t is lowered by incrcaaing sal t concen t ration (McPhcrs o n e t al., 1996). The p ellet c o ntaining * the 

25 i nsulin»polynicr fusion pr ot ein is icsuspcndcd iu the lAUacLion buffci and inmbal c d uu ii e fui 1 0 
minuLcb. Th e miauie Is cintiifugcd at 12,000 g for 10 minutes ( 4 DC). The au p omotant ia tho n 
c ollected and stored at "20DC. The p urified p o lymer insulin r usion ' piotciu is clccttophoi ' c^ed hi ll 
SDS « PAGIZ gel acco r ding to Laommli (1970) and visualised by cither staining with 0.3 M CuCh 
( Lee et al. 1 907) or transfer r ed to nitrocellulose membrane and probed with antiserum raised againat 

30 t he polyinei ui insulin pio t cia as described below. Quantificat io n of purified polymer proteins ma y 
to* carried uul by ELI3A hi addiliun lu deiisilume try. 

Aftei eleutiupbuiebib, piuleiirbi may be Lrantifb rT ed 10 a nitrocellulose rnferhbrana 
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olootrophorotioally in 25 mM Tris» 192 mM gfycing, 5% methanol (pH 8.3 ) The filter is hlnrlm rl 
with 2% dry milk in Tiis-buffcicd salin e fui twu hums at luum l e inp c iatuie and Plained widi " 
antiserum raised against the polyme r AVG VT (kindly pr ovided by the Universi t y, o f Alabama *t 
Dniuingham, monoel o nal facility) overflight in 2% dry uiilk/Tris buffuid saline. The piuleni banda * 

5 leauLing Lu llie antibudi e s are visualized using aUulbi e phusphalas e ^liiik e d s c cundaiy antibody and 
t hfe substiates nilioblue letiazolium mid 5-biumu-4-Uiluiu-3-kidulyl-pliubpliate (Diu-Raif f. 
Alternatively, for msulin - p o ly r nu fusion p ro teins, a M o use aiilHiimmi pxuinsului (IgOl) 
m o noclonal an t ib o dy may be used aa a p rima r y antibody. To de t ect tlie binding of the piimary ■ 
antibody lu the xicuxnbinanl piuinsulin, a Ouat anti-inuuss IgG Hmseiadish Peiuxidase Labeled 1 

10 1 monuclunal anlibudy (TIPR) may b e used. The substi ' ate lobe used Tux conjugation withURT may 

"In 1,1 w r \ r T i I Il i jllrn - Hin- TV rin n \ n n rr u " f"rr u "^ fi "™ ri \™~-;^r\»oW A^fa^ c 

in 3an Clcrncntc, CA. As a positive control, human recombinant proinnulin from Sigma may bo 
use d. Tills lnniiaii lecuiubiiiaiit pxuinsulixi was ex pr essed in E.coli by n. synthotio proinaulin gone. — * 
^Qn aiidlicatiuii uf pmifled polymer fusion proteins may be earned o ut by densitomet r y using 

15 S canning Analysis software (DioGoft, Teiguson, MO). Total piotein contents may be dcleuxiined b y* 
t he dye - binding assay using xcagcnts supplied in kit Hum Bio-Rad, with bovine serum albumin as a 
btauddid. 

C Muracierlzutluii uf CTB expi esaluu! CTB pioieixi levels in transgenic plum crude extract cm be — - 

20 Ue teiinined using quantitative ELISA assays. A standard eurve may be generated using known 

conceuUadons of baeteiial CTD. A 96-w e ll nriuotitci plate loaded witli 100 plAv c H of bacterial — 
•CTB (oouoeimatiuiis in die range uf 1 6 - 1000 ng) is incubated overnight at 4DC. Hit; plate is then 
* ' wa&hcd thrice w itli PD3T (phosphate buffered saline containing 0,0 5% T wbcii-20). The backgr o un d 
may be- blocked by incubation in 1% bovine scrum albumin (D3A) in PB3 (300 uJ/w e ll) aL 37DG fu r 
25 2 li followed by washing 3 Limes with PB3T. The plate may be intubat e d in a 1:8,000 dilution of 
labbiL anli^hulcia tuAni antibody (Sigma C-3062) (100 Dl/well) fui 2 U at 37C3C, fullowud b y 
wagbtrrg-tiie welh three times with PBGT. Tho plato may be inoubat a d with a 1 : 80,000 d ilut io n o f — i 
anti rabbit IgG oonjugatod wimollailinephoshatasc(100 □lAvcll)fo r 2hat37aCandwashi,daniLe 

4¥ithPBST. Than, 100 Ol aUcalincphoaplmtaac substrate (GignmFa&tp-muoph^ 

30 in 5 ml o f wa t e r is added and tho r eaction stopped with lMNaOII (SO Dl/woll) when aboorbanois s 

; p +ftwrfr l. i Li ii fjp. nfll ii m i i-m u - * * U nU^itl C\ nr^ftm- 1 Tirrnr , ivtiirli^iM fj nn*« Jhf, | 4tttC-t S » 

t hen be icad a t 405nm. — These r esults arc uaod to gonorato o otnndard ourvo from whte h 
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c OnumliaLiuii& of plant pr otein aro oxtrapolatoch ThuOj total oulubli pldiU jjiutcia (eonoontritic i n ,» 
p foviouply determined uoing th e Bradford acoay) in bicarbon a te buffer, pH 0 ,6 (1 irnM N? g ^ 3> 
35mM NoIICQj) may be loaded at 100 plant Dl/wcll and the name procedure na abovo can b e 
r e p eated. Tho abaorbanoo valu e G can b e used to determine the rat i o nf PTR protein tn tntal solubl e 
5 p lant p ro tein, using the standard curve generated proviouoly ond th e Bradford acc a y g6snlts. 

l& horitnnoe of Introduced Foreign Conos ; Whil e it is unlik e ly that introduo e d DMA mov e from 
the Ghloroplact g e nome to nuclear g e nom e s it io poooibl e that th e gone oon bo intogrntod in the 
n uoloar genome during bombardment and fomain undetected in S o uthern analysis. Therefore, in 

10 initial tobaooo tranaformanto, some are allowed to 3olf p ollinate, whorono othoro aro uod d in 
r e oiprocal orooo e o with oontrol tobaooo (tranogonioo ao female aoooptoro and pollen donors; tearing 
f oi matumal inhe r itance). Harvested aoodo (Tl) are g e rminat e d on media containing fpertinnrr i ynn . 
A chievement of homoplaamy and modo of inhoritonoo oon bo oloooifi e d by looking at gerrn iBa&on 
irsulto. — Homoplaamy is indicated by to t ally g r een seedlings (Danicll ct nL, 1998) while 

15 h cfar o plasiny is displayed by variega t ed Itavzs (lack uf pigmmUliuii, 3 vdb <SL Maliga, 1993). LJi k 
o f variation in ohlorophyll pigmontation among progeny afoo undoroooroo tho aboonoo of position * 
effe ct, an artifact of nuclear tranaformation. — Matornal inhoritanoo io domonotratod by suli 1 " 
t r ansmissi o n of introduced gene& via beed guiciaicd uu hansgeiik plants, iKgaidtesa uf pulleu sumubr 
( gr ee n o e odlingp on oolcctivc media). Wh e n Liamgeniu pollen 15 UBed t6f polhnaTion oi control 

20 pl ants, resultant p r ogeny do not contain resistance to chemical in selective inudid (appeals bluauhud^ 
flvab and Maliga, 1993). Molecular analyses con confirm ti ' angmiflaion and oxproaaion of mtroduood » 
^iiiia, and T2 siul ia gmuatul Hum thuse cmifiiiued plants by the analyses desuibud abuvu — 

Cuuipai isuu uf C ui i enl T in ifitaliun w itli Tuly mui 4jased T m ifiiaUuu M e tlxuds: It is important 
25 s to c o m p are pu r ifica t io n meth o ds by testing yield and p urity of inoulin produced in E.ooli an d 
1 tubatiu. Tlu.ee methods may be com p ared ! a atandard fuaion protoin in B, gqH 3 polymer proinsul a n 
' fusiuii piul e in hi Exoli, and p olymer pro insulin fusion in tobacco. — Polyme r p roin9i3lin fusio n 
p optido from transgenic tobacco may be p urified by methodology desciibcd hi seiliun u) and Danr ell 
f ;i997). E.coIi puiifieation is peifuiined as fulluws. One lkei uf each pLD COHalnlng ba cteria is 
30 gr own in LD/ampicillin (100 ag/ml) u vimight and die fusion pi ' Uteln, ttlther polyiii^r-pioimullu in 
tliu tuuuul fusiuii protein (Gowley and Maelein 1997), ex pr essed. — Colls are harvootod by n 
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centiifugaiiuii at 3000 X g fui 10 mhi at 4DC, and the bacterial pallet resuapended Hi 3 ml/g (wat 
wt.' Daotcrin) of 100 niM Tris - IICl, pll 7.3. Lysosymc is added at a concen tr a t i o n of 1 mg/nil a nd* 

suniialiun fui twu iyilu» uf 30 s cm/30 % off at 4DC. Cellulai debris is removed by lenliifugatiua Jl 1 
5 100 0 X jj fbl J mill al 4DC. The E.uuli produced pr oinoulin polym e r fusion protHn h purifieW by 
i nv e ro e t e mperature tranaition properties (Danioll ct al., 1997). — After Factor Xa cleavage (as " 
deooribod in oootion o)) tho proinoulin io ioolatod from tho polymer uoing invoroo tompo r aturo - 
Uausitiun piupeilies (Daneill el al., 1997) and subject lu ujddali ve sulfllulysis as desciibed belo w. 
Aliemadvely, the control fusiun p r otein la purified acco r ding to Cowley and Macttln (199 7 ) as 
io follow b. The supernatant is leiained and cen tr ifUged again a t 2^000 X g fof 15 rnin at 4UC ta pellft 
th e. hiclusiun budies. — The supernatant ib then di&caided and die p e llet lesuspend e d in 1 inff g 
( uiigiml wi. DaUeiia) uf 1IH4O, aliquuLed iiitu miciucenuifuge lubes as 1 ml haiUuns, and then 1 
c euuifiigeil al 16000 X g fui 5 mm at 4DC. Hi e pellets aie individually waahed wilh 1 ml uf 100 
MM Tiis-HCl, pH 8.5, 1M mea, 1-1 Tiiluu X-10Q aud agahi washed widilOO uiMTiisIICl pII8.3 , 2 
15 1 Mmc,a J 2%TiintonX400. The pellets are then resuspended in 1 ml of dllsQ aud Uamfeu e d to a 
pi i e"weiglicd30mlCui e A tenliifuge lube. The sample Is ceuii ' lfUged at 13000X j>for3fflMat4UU T" 
an d the pellet tesuspenUed in 10 ml/g (wet wl. pellet) uf 70% fmniii aiid. Cyanogen broinid e-rs* 
added to a final lumuiUaliun uf 400 mM and the sample incubated al luum leuipeiaiure In Hie UaE k 
fui 16 L. Th e reaction is s to pped by tr ansferring the sample to a round bottom flank and removing 

20 th n nnhrnnt hy mtnry lainprvratinTi it SfinnP Thp rociHnP ic TPCiigp^nfi^rl in 90 ml/g (wPtwt fift" **) 

of dH^O, sliell frozen in a diy ice etlianul badi, and then lyuphUized. The lyuphilizedpiuuSi n is 
dissulved in 20 ml/g (wet wL pellet) uf 500 111M Tiis-HCl, pH 8.2, 7 M mea. Oxidative sulflttfl ysis 
m ay be perf o rmed by adding s o dium sulfi t e and sodium teuathiuaale io final uuntenliatiuns uf 100 
and 10 mM, respectively, and incubating at loom IcinpLiatuii fui 3 h. This reaction ia ato p pod by 

25 fritting un diy ic e. 

Ptii ificanmi aud folding of Unman Pi uinsulin. The ff-sulfunaled mateiial may be applied to a 1 
Inl bed uf Sephadex Q-23 equilibrated In 3.0 mM T r ls-HCl, pH 8.2, 7 M u r ea, and tlien Wafiiled Witri 
9 vul& uf 7 M mea. The collected Hacdmi la applied lo a Ph armacia Mono Ij H K W'S Culmun * 
30 e qulhbialeil in 20 111M Tiis IIC1, pH 8.2, 7 M mea at a fluw tale uf 1 inl/min. A lin e ai giadieill 
l eading to final toncenuatiun of 0.3 M NaCl Is used IO elute Cafe bbund nia tenal. 2 nun (2 ml) 
fr aen o ns a r e eoUootod during tho gmdiont, and protein oonoontration in oaoh fraotion d e teimino tt. 
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Purity and molecular mtisA uf fiaUiuiis is i&tiniaUid by Tiiuiue 3DS-F AOE (US ifllUWll Ui F ig. 2 % 

whoro Trioino io uaod aa thi trailing, iun lu alluw bclLei itfsulmlun Uf peptides In thfetange oi i ■ iwllO 

kD a. Appropriate fraeii o ns arc puuhui and applied lu a 1.6 X 20 cm culunm of Saplimleji Q-15 m 

(supe rfine) equilibrated in D 111M ammunium acetate pll 6.8. The Ua mpia 15 Collected based on'LTV 

5 abaorbonoo and frecEC « dricd. The partially purified igrjulfmia t cd ma t erial is then lcsnspeiuied in JO * 

in M glyoin e /NaOH, pH 10.5 at a final oonoontration of 2 mg/ml. p moroa p toothanol ia added a^ a 

"ratio of 1.5 mol per mol of oyatcinc fl - snlfonatc and the sampl e stirred al 4DC in an open contain er 

fbr 1 6 h i Th e campl e io thon anolyHod by rovorood phnao high porfoimonoc liquid ohieiuinto& y mpliy ■■ 

(r UMIPLC) uaing a Vydae C4 column (2.2 X 150 mm) oquilibratod in W> aootonitrilo and 0.1% ■ 

10 ' TP A. Adoorbod poptidoo aro olutod with a linear gradient of inc r easing acctonifrilo conoontratio rt 

prrmin up t o n m n T rirr m m n T 1fl%) 71 Mi ii iui 11 MflH t pni l tVi 'llhTl it rrntrmirrn nr 

» 1 G000 X g to remove ins o luble maleiial, and luaded uniu a aeuil-prepat 1 aflVfe V ydac U column ( 1 U Jt 

■ r '2S0 mm). The buuml matciial is dim clulcd as desciibed above, and lilts piuhmuliu culiected afa d 

lyophiliaedi 

15 

' Analysis and characterization of insulin c acp iess c d in MLuli and Tubactu. — The piuifled s 
d CApi e &sed piuinardin ia subjected to matrht aooiotod lao e r decorpti oa / i <ani7atinTT M tiTnp nf flight / 
(MK LDl- ' l OF) analysis (aa described by Cowley and MacLin, 1997), using piciiusuliii from Eli L illy 
" as Uutli an internal and external standard. To determine if tho dioulfid e bridgec have f o rme d > 

ust LgSte t pkyfovoec tt s aureus protoaoo V 8 . Five Dg of both tho OHprooaod proinaulin and Eli Lilians 
piuimuliu me ly op hilusod and roouo p ondod in 50 Dl of 250 mM NoFOm pH 7i8 i Prot e ace V8 ic 
added at a lali o of 1:50 (w/w) in oxporimontal oamploo and no engyme a dde d to t h e c on trols . A ll 
sam ples are tkon inoubatod overnight at 37DCj th e r ea ction s stoppe d by free z ing on dry ir . g a an d ■ 
25 s amples Sto r ed al -20DOC until analyzed. The samples ate analyzed by RP ' IIPLCuainga Vyda» Gy 
cdftmn i (2.2 X 1J0 mm) equlllbfated in 4% acetonitril e and 0,1% TfA. Bound material is men" 

minimi ii Lin^j * lin. . ^ p nrl i nnt nf innrnnri<np ir>F>trmitri1p rnnrpntratinn (C\ RK% ppr ^p tn p 

maximum of 48%). 

30 HIMjMI ganglluslde binding assay : A OM1-ELIGA assaj may be performed aa desc r ibe d by 
A Takawa e l al. (1 99 7) to de t ermine the affinity of plant-deiiv e d CTD ful QMl-gangliutddti. The 
4niorolitei ' plate io ooatod with monooialoganglioBid e GM1 (Sigm a G » 76 4 1) by innnhnting thn pla te 
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frith 100 uJ/wull of QM1 (3.0 pg/ml) in bicarbonate fru^^^^ 

t he wells can be coated with 100|d/wcll of D9A.(-3:0 pg/iid) a57iuuljul. Th e .plafcvaie iumUd ted 
i, <H th tnnnform b d plant total oolublo protein and bacterial CTD (Gigiiia O9903) in TOG ( 1 00 ul/ well) 
f ovomight at 1 DC. The r emainder of the piuuulim h> identical tu die EII3A da^Ubed abUvU 

5 

al lulei auce: Fum week uld female NOD uiiue may, fui ejianiplu, be pincliascd 1 
Worn JackS6ri Laboratory (Bar Haroo r , MB) and liuitijtfti at an animal cate facility. The mice aie - 
divided into throo g r oupa, oaoh group oonaiating of t en miee. Eaeh gr o up is fed mm uf thu fullu whig 
' iiieoline fin edible tobacc o : initmnafoimod, expressing CTD, ur expressing CTD^ymiiisuliii fubiun 
10 piu lein. Begnining at 5 weeks o f age, oaoh mouao io fed 3 g of niootin e fr e e e dibl a tobacco onc e p e r ■ ■ 
Voek until r eaching 9 w e eks uf age (a total o! live leadings). 

Antibody titer * At ten wcok3 of age, the scrum and feeal niatuial die assayed fui auti-C TB aild 
anti ^ pioiiisuliii aulil i udy isulypes lining die EUSA method described ab ove. 



Aaatssraont of diabetic s ymp t oms in NOD uiliifei The iuudeiiue uf diabetic biyinpiuins can be 
co mpar e d among mioo fod with oontrol nicotine ftcc edible lubaaeu dial expires CTB and lliuue' 
4tot oxprooo tho CTB proinoulin fuoion protein. Starting at 1 0 wooka of ago, tho mieo are monitored ■ 
i n i l l i i 1 lj'Vnnn^+h^r^^c 1 ""™*^^ 
20 diabetes. Qlycuamic niiue aiu bl e d Hum the tail vein lu clieck fui glyc e mia using a glucuse aiialyiJ &r 
(Accu-(Jheck, Boehrmfefer " Mannheim). Diabetes is con f irmed by hype r glycemia (^230 mg/m) flu 
Iwu Cunseculivc weeks (Ma bl"kIV 1997)/ ' " w ' ^ v ^ v ' 
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& SPECIFIC AIMS 

Research on human proteins in tho paat years haa rovolutiojiigod tho uoo of thooo * 
■ therapeutically valuable, pr o teins in a varie t y o f elinical si t ua t i o ns. Since t he demand f o r tkek e 
pr oteins is cxpootcd to inc r ease considerably in tho ooming years, it would bo wise to onouro that ■ 

5 in the fum e th e y will b e availabl e in significantly laigei amounts;, piefeiably uii a cuai-HfMJllVtJ 

basis. Decausc most genes can be expressed in many different ayatemfl, it ia oooontial to * 
dotomiijio whioh Qyotom off e rc th e moct advantng e o for th e monufaoturo of tho rooombinont 
- protcin - Thc ideal expression- sy&tem^Quld-be-oi^that~r^odnces-a maximijm amount ofr safe, 
biologi c ally active mat e rial at a minimum ooot. Tho uoo of modified mammalian sella wit h 
10 re cumbitmiit DMA tcchmqucs haa tin advantage uf i e xulting in piuduuts, wliiuli aie dually 
'lilalid lu those of natural origin' howovor, cultaring of thoo e coIId io intri c ate and oon o nly be 
1 earried out on limited aoalo. Tho uoo of niioroo r gairisms suoli ha buctoria pomiito mamifaoturo e n 

ft^m the produc t s of na t ural o r i gin. For example, proteins that aie usually glycosylated i n 
15 humans are not glyoooylat e d by baotorin. Furthci'iuoii, human p ro teins dial die expired atliig h 
luvils in E. coh frequently acquire an unnatural conformation, accom p anied by intracellula r 

pr eci p i t a t i o n due t o lack of propu folding and disulfide biidget>. P r oduc t ion O f recombinant 

protoino in plants ban many p o tential advantages fui gen e ialing biuphauiiaceulicals mldvant lb 
^ ulmiual niuiicinc. These include the fulluwing: (1 ) plant Hystsms aire more economical man 
20 indus t rial facilitioa using formcntatiun bybluiib, (ii) lauluiulugy is available for harvesting and - 
proce ccing plants/ plant pro d uct s on a l arge s ca l e ; (iii) eliminftt jo o o f t h e purificati o n requirement 
^ vhen the plant tissue containing tho rooombinont protein io uoed ao o food ( e dibl e vaocinec); (jv ) 
plants can be dh e uled to target piutcins intu stable, intracellular compartments as chloroplaslA, ui ' 
^ xproasod directly in ohloropltiat3; (v) tho amount of recombinant product that can. be produc ed 
25 appioachcs hidustrial ' scolo levels; and (vi) h e alth ridco duo to contamination with pote ntial 
human pathogcn3/toxina arc minimised . 

» 

^ It has been oatimatod that on e tobaooo plant ohould bo abl e to praouo e mor e recom binant 
p iul e iu than a 300 - liter fcrmcntor of E. eoli (Crop Tooh» VA)i In Addition, n tobacco pl a nt — t 
30 "piuduies a million aoodo, faoilitating larg e cc a le pr o ductio n, Tobac c o ia also an idool oho ice 
b &ause uf its relativ e ease of gen e tic manipulation and an impending need to explore alternat e 
' uses fui this liazaiduus cr o p. Howevei, with the exce p ti o n o f enzymes (e.g. phytnso), lovola »of 
fo reign proteins produced in nuclear t ransgenic plauls ai e geneiall> luw, mustly leas lliail 1% of 
th e tulal huluble uiolun (Kusuadi el al. 1997). May el aL (1996) discuss this problem using Intf 
35 f blluyvuig examples. Although plant deiived ita;uuibhiaiil hepatitis D suifai e antigen was as 
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seBwae roial recombinant vaooino, the levels of c xp resaion In t ram&coiii tubaOt o 
^ vciu lew (0.00 66 % of total oolublo protoin). Ev e n though Nonv a lk virus capsid prote i n 
c ? tpLL3Acd in potatooo oauaod oral immunisation when ooncum e d ac food ( e dibl e v ac cine^ 
^f^tilOIl le vels weie luw (0.3% uf lulal soluble piutein). In particular, oxproooion of human 
3 pr oteiilk ill iimle<a Udii^giLXiiL plains haa been disappointingly low ; e. g . human I nterfer o n^ 
"0.000017% uf Ausli weight, human senim Albumin 0.0290 and erythropoietin 0l0Q36% of total 
s i^iubL piotcin (aoo tablol in Ffaicnarii ft al — 1QQ7) a rt^nth^fj^ pono porting i for tho hum an - 
epidermal growth factor woo oxprooood only up to Qj0Q1% of total coiubl e protein in tr a n s ge nic 
lubdiiu (May ct al. 1996). The ooat of producing rooombinont proteins in a lf a lf a leave s w as 

10 lAlinm l i il t i 'i In - - Infold Uwn m thrnn in pntntn tnWr inA rnmp^Klf> wifh c^Hc (TTnonaHi fft ^ \ 

1 997), Huwevei, lubdini luivia arc much la r ger and havo much higher bk>rnnss than alfalfa 

PI jn i H T^nnhnnlnrry hnr rntrmitly pn-tiTrratf^ tW at 5ft Tng/litpr nf mamma linn nRll^ twd TTTn i II I 
i nn . th . grtntU niillr nn ^nmfr/lrjt nf tnKn^nn Inf Pwp^cc-irvr, j tht* ^ct rvf pnrififtH TgA Will be 

Si 10,000, 1000 and 50/g, r espectively (DaniGll at al, 2000). Tho ooot of production of 
15 'r ecombinant proteins will bo 50 fold lower than that of E.ooli ferm e ntation (with 3 0% expres sion 
" lovola in E.ooli (Kuonadi ot al. 1997). A dooroaoo in inaulin oxproaaion from 30% to 5% of 
biomacG doubled the Gost of production in E * coii (P e tridis et al. 1995) . Expre ss ion level lees than 
1 % of total solubl e prot e in in plants has b ee n found to b e not comm e rcially f e asibl e (Kusnadi et 

1007) Thprpfnr^ it ic impArtant tr\ mwac^ WMq n€ AvprPQQinn nf rpp.nmhinant pratftinc in 

20 «planto in ord e r to exploit plant production of pharmacologically important pr o te i n s. 

An a ltern a te approa c h is to expr e ss for e ign prot e ins in ohloroplactc of high e r planter W e 
Siav e E e o e ntly int e grat e d for e ign g e n e s (up to 10,000 oopioo por oell) into tho tobaooo ohlorop last 
genome moulting in accumulation of recombinant preteina up t o 4 6% of the tot al soluble p rotein ' 
25 ' (Do Cooq et al. 2001). Chloroplaot transformation utilis e s two flanking sequen c e s that, th rough 
homologous r e combination, inaart foreign DNA into tho opaoor region botwoon tho funotionnl 
gen e s of the chloropl a st g e nome , thu s targeting the foreign g e nes to a precise loc a tion. Thi s 
e liminates the "position effe c t" and g e ne sil e n c ing fre q uently ob s erve d i n nuclear transgpnir 
plant g . Chloropl a ct genetic engine e ring is an e nvironm e ntally friendly a ppr o ach, minimising 

30 f i nnnr t rnn nf nnt rmrr nf iTitrnrinnaH tmitr tHo prill P>n tn. wppHo nr r\+he>r rrrkpg (ttnr»> awH 

TT^i- i i i ^ ?nfin j Tlrt i fntn Tfinn) ti\nn l tha nnnnamr r>f iTiwtc nW^lnping rPgictfln^P tn 

h l JipUUl i i ' illML Aim il M lliili ij ^ .l l . y hyy pnnn.nr. nf n^pTn T'nciar*iWHo1 p^+^o (Vnph rWarr^) Qr 

F.4 ' p¥..Mirw nf rHffnrnnt torpor nf inrartin'rter in a citiqIr trancfnTmatinTi e.vftnt (g e ne pvraTn^ jpgl 
* r i inu.i.n i A nf in.wrt i ftirinl p p nt-n. i nn nn nnn frirpnt inrnir^r nrn minimiVf»rl Viy lanlr nf evpreggigp ir> 

35 uamgeni e pollen (Do Com ot al. 2001). 
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Moat importantly, a oignifioant advantag e in the product io n o f pharmaceut i cal proteins in 
chloroplasts ia their ability to process cukaryotic pr o teins, including f o lding and fuiniatiun of 
dioulfido bridgofi (Dr e soh e r e t al 1998). Chap e ronin proteins are pr e sent; in ohloroplacts (B oy, 
5 1989; Viorling, 1001) that function in folding and aao e mbly of prokaryotio/ e ukflryotic prot e in s. 
Also, pro teins art aoti valid by disulfide bund ujiidu/ieduuiuii cycles using ihu eliluiupla st 
thioredoxin oyot e m (Roulland and Miginiao Maolow, 1090) o r ehlo r oplast pr otein disulf ide 
is o me r asc (ICin i and Mayfield 3 1997). Accumulati o n o f f ully assembled, disulfide bonded f o iin 
of human somatotropin via chlo r oplast tr ansforma t i o n (Btaub et al, 2000), o ligomcric foim uf 

10 PTT? (TTnnWqnnr nnrf nnniallj ^HOO) nnri tho gccpmhly hftflvy/tighf n.hnmq nf hiimam>P.H (lily 's 

13 anlibudy in Uansgcmi chleuoplasta (Panchal et aL 2000) provide otrong e vid e noe . for 
s uLtLSsful processing o f pharmaceutical protoino inaido ohloroplaota, Suoh folding and aec e ta bly 
s hould eliminate die need fui highly expensi ' ve in vitro pr o cessing of pharmaceutical proteins . 
F lu example, €0% uf di e lulal operating eo3t in the produotion of human insulin is associ a t ed 
15 with in vitro proo e Going (formation of disulfide bridges and cleav a ge of rnrfhionin^, Prrtridis n t 
dl. 1 9 93) . 

Another major ooot of inoulin produotion io purification; chromatography a cs ountc fo r 
30% of operating oxponaos and 70% of e quipm e nt in pro d uction o f insulin (Pptriilis pt 1 W ). 
20 Theiefuie, new appr o aches arc necessary to rninimico or e liminat e c hromatography in i nral in 
p itfJucliun. One such app ro ach is the use of G VGVP as a fusion p rotein to facilitate 3ingle ste p 

ii-.fi nnHnn nHtVinnt thn nnn nWtrmtr.pr'apyiy PrVfiW ic a Protein Ptac^H Pnlymw fPPtT\) 

'made from oynthotio gonoo; at lower temperature s th is polymer exists as mnrf , fiTtfinrinri » 
' molecules. Upun laisiug the leinperaturo above the Uanoition range» polymer hychrrphnriirfilly 

25 folds into dynamic atruotur o o oall e d ft Gpirolo that furth e r aggregat e by hydrophobic as s ociation 
^fco form twifltod filom o nto (Urry, 1091; Urry e t al., 1994) , Inver s e temperature transition off ers 
several advantages. It facilitates scale up of p urification from grams to kilog r ams. Milde r 
* purifica t i o n eouditiuu icquiiu> uuly a uiudesl change in UJinperaiuie and ioiile stre ngth. Thm 
fcilitmlil also faiiliUle higher recovery, faster purifica t ion and high volume proooooing; protoin 

30 ptailiuatiun Is generally die t>luw step (bulll e neck) in pharmaceutical produc t devel o pment , 
Thruugk eApIuitaliun o f this r cve r aiblo invoroo tompomtur e transition pr o perty j simpk and 
in e xpensive eUraitiun and puiifiLaliuii may b e p c rfuimcd. The lempeiatuie at which the 
ag giigatiun takes place can be nrairipulalcd by mginiirnig biop o lymcra containing varying 
numbers uf icpcaia and changing salt cumciiUdLiuri hi sululiun (Mcrheisun el &L, 1996). 

35 CWuruplast mediated expieasiuu of insulin-polyme r flision p r oielri should eliminate die need lui 
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f rnnfr a tat ia n pr o cscc ac woll qd roagonto needed for iixumuiiiaut pn J l ein 
puufiuuj Lm dad duwimtitami piuuess hrg; 

■ Oral delivery of inaulin in yet another powerful app r oach tlml would eliminate 97% o f t he 
5 pro duction ooct of inoulin (Potridia ot id. 1995). Tot cxamplL, 3uij a aI (1994) haw ijliuwj) ma r 

feeding a pmall dooo of ontig e nn onnhifmfnH m thn rnraptnr i^;^ tnTr i n R mihl 1 T11 - t m n i r ^ 

of th e cholora tojun (CTB) oupprcasod aystemic T cell mediated iiulauiiuaUiij iiaitiuuh ?u 
ttnimolo. Oral adniim n fr n t in n n f n Tntmlin nnti r ™ n ™' VT n*,i ^ r*-m h n n frmm rb f nrn fn 
ammalo againot onoophnlomv e Htin . avwn nrhnn j n ^ r H^ (g.^ 0 f )qqj 

10 ' Uerfeeml el ol. (1997) imported that feeding 3 inall amoimtj of human inaulin oonjugatod to CTD 
suppreamd beta ocll dcatmoti o n and olinioal diabotoo in adult non obooo diabotio (MOD) mioo . 
The protective ef f ect could bu u - auAfuiul by T nils (ium CTD-iiisuliiJ ueaied auiijiala and Wk s 
agaooiatcd with x u luood inDulitij, Thnrn rnmitn Hnmnnrtmfn thnf r ^ t — tiTTTi t i c iinc t autoimmune 1 
- diiibiluh idii mdubd be diUiiwul b> fiuling Miidll amumiU uf u yanuuiA IaIlL llII diUu diiligui 

15 liiil^d lu CTD mupunl h , . 1 1Q07^ p, ■■ ■ j ■ , „ .. , i ; ,] , nj^ n i nll iln t rr r mr igrn rirli . u iii M i j 

^e^madou lu the Gut A^uciatcd TAmphnH Tinmmn (r at-t) ^ ^ ;+ r n ffi n j r/ f or mo coII 
oiirfaoo roooptor GMi ganglioaido looatod on GALT oolb, for inoroaaod uptalce and immunologic 
rooognition fAiakawa ot ol. 1Q08Y Tmnn P miin r ntntn t^Wn ^rp-nnp^ w tc Q m CTB 

Dioiviil Ul l uLil hulubli. [i.uli.ii. mtn.i -i ninr , r ^ { : | ^ r i r1 rT Hnrting affin i ty rm o l 

20 ^mB^ mUij/ Ail bulh CTD and imuliii. NOD mk,i fid with uunAgum, puUlu tubus* 

c o ntaining miiiua r ani quautitiGa of CTU mmitin fiminn ? mtn^ nhn,^ » n^rtnntial raduotioni n 
■ inoulitin rmri n rini™ in tVm ppn^n n f ri i n n r tri (f i rlmw n rt al. 1T>0), H uu u u.' ui, Jb i 
^ommrrrinl exploitation , thg IrvH? nf r>T r re™inn riimiM ^ ^^oc^ fa tnmrg r nir pbn tz. 
T herefore, we propos e hero exproooion of CTD inoulin fuoion in tmnagenie chl o r o phials -of 
25 ni^uduu IiC c cdibL tobacco tu iiiuimt Lvila of c^piLjaion adequute foi uiiiiuft Hcatmg. 

Tak e n togothor. low l e voin nf mrpTwirirm nfh„mnn pmfn^n ^ nn^ioar tranaEonio plontj, 
and - difficulty in folri i np. n^r. ... lii r / r ^r» p nn ; »ji B f Vn H n.. r r"trinn in rnnfi ch o uld muL u 
ehlo f oplanta an altumatc eompaitniuut fui uLuimauu uf the^L piuluus, piuduLUuu uf hmiiau 
30 "Prot e inc in rnnrrrnnir nh}nrnj*}nrtr nTimtiri nin» ^ ^^.n y ?fTV | ffTr fhn pmrflTCti o n ^^ rT t nr Q ^ 

sc ale p rodueUon of inaulin in tobacoo in conjunction with on oral dolivory oyotom ohould bot» 
pOWeifUl auuiuac h lu uiuvide lii^i . ih.h i i, . { ^; m ^ n i ■ , nfFrrrtnl i ln nnrt n nd pr o xd dc 

tl- n .n P ..., nmn nUnr r, , ^ n - nif1ni || | | QQ. Thorofnm, thn firCt QbjCCty o Qf j fajs 

pjq jfifif 1R tn llflfi poly(rfVGVP) ns a f i ision protg in t o eoablg harp e r ogepreooion of inoulin and » 
35 ^oomplich rapid on i ot e p purification of the fusion pe p tide u t ilizing tirn iiivujo femptiaLOie 
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rfrh>s nf this p o lymer Tho oooond objecti ' w is Lu divelup ms ulln-Cl'b""iusion 
jirc i trin for oral delivery in niootiiii fin edible lufrdt co (LAMB 60 J) . 

Bo t h objectiv e s mil bo aooompli3hcd as foll o ws. — — — 
5 .a ) Dov e lop recombinant DNA vbiuuil £ul gl ' duuitui cjiuitii^iuu Uf HdlMtlhh aJj lu^iuiTpiullillu 

M/ith CrVrtXrV nr PTR via rVilnrnplart QPnnmpe nf tnhnrnn ■ 

■ b) Obtain tranog e nio tobaooo (P e tit Havana & LAAfP 6 05 ) pl a n t s 
i) r ClidiaUuu,i liaiisgcnic cx p rcsaion of proinauliii polym e r or CTB fucion pr o te i ns dicing 
m o lecula r and bi o ohemieal meth o ds in ohl o r op ia sts 
10 -' d) Employ existing or modifiod mothodo of polymer purifioation from transgenic le a v es 
c) Analy^ M e ndeliau ui maternal inliciilaut e uf Uaiibgenu, plants 

0 ■ iMige scale purification of insulin and compariaon of ourront inoulin purifioation mothodn > 
willi pulyimi " based purification mothod in E.coii and tob a c co 
- g) ■ Compare na t ural lefoldiug hi ihluiuplasls wilh in viuu piuUEl&ili g 
1 5 1a) Characterizati o n (yield and p urity) of proinaulin produced in E.coii and trnnagenio toba cco 
-i) — Assissmml uf diabe t ic sym p toms in mice fed with odible tobaooo oxpr e oGing CTB insul in 
fusion protein . 

u. DACICGROUND AND SIGNIFIC ANCE 

20 Diabetes and Insulin: Hie m o st obvi o us action of insulin i s to lower blood ghioooo (Oakty ct al. 
1973). - Thii> is a lesnll uf iib iujiiibdiaie efleU in hiuicasiug gluuusc uptak e hi ti&^ues. Iu ' inusUi, 
unde r the aetion of insulin, glucose is muie icadil) 1 lakexi up and eiLUm uunvermd 10 glyufeger r 
&nd ldcdu auid ui uxidized tu caibun dioxide Insulin also afifectg a number of impbftarf friizyinis 
co nocmcd with cellular metabolism. I t increases the activity — uf gluiukinast, whiill 

25 pk o sph o ryla t es glucose thereby inci easing die iali uf gluiusi uiiUbulisin ill the livci, Iiislilhr 
alao aupprooooa ghioonoogonooio by dopr e ooing the function of liv e r e nsym e oj which op e rat e th e 

I M u p i p^ll i mijijj Pi pmvtuumn tn g l nnnnn T nn\r nf mmlm riTi iwtnVt Hip> tr^Ticpnrf of alupnc^ 

' " 1 " nw * nrl i jnnnn tinnnn Thin mmiltn in innranrar in hlnriH p1nr»np*» l^r#»lc ^iporgly^gmia) t 

^la addition, the bieakdown of na t ural fat to flee fatty acids and glycer o l is inc r eased and there io^ 

30 U i'ilm in l li i r^ ll ji m *i*i P fwitnntiTi thn V i lnnri TnnrnnnnH nntnKnlirm nf -forty o^iVtc? Hy t1ri» Inrprrpciiltc 
In jMwh i nt i rtri nf IrntnTin Vmrtinn Thfly Hiffhra frnm tha Hwr pace to tViP rmignl^ fnr 

An * 1 i . ■ ^ij^ntinn fnnn 1-ntrma hnHy prnrW^nn rqte pypppHc mrMaHnn ratfl a n d ketOSlS results . 

LBSt; ainhiu aiids ait Lakuu up by the tissues and pr otoin degradation r e GultGi At tht Eame tim e 
*glueune r jgeneaia is atimulatod and p r otoin io uood to produoo gluooo e! Qbviott fi ly , t nrV nf insulin 
35 r has serious oonacquenees . 
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D idbuLU) i& classified into typoo I and H Typo I ifr a le s I m o wn as insulin fifipfindnn^ 
diabetes mellitus (IDDM). UauaUy this io oauood by a o e ll m e diated autoimmune d e s truct i on o f 
the panercatie cello (Davidoon, 1098), Tboo e Buffering from taic t}rpp are deppnrlpnt nn 
5 e xternal sources of insulin. Ty p e II is known as noninoulin dopond e nt diabotoD in a llitu» 
( NIDDM). Tliio usually involvoa r e s istance to inoubn in combination with its uiidciprodmilicm. 
< Thopo prominent diseases have led to ffYtffnsivp. rp.sparrih into microbial production Qf 
re c ombinant human insulin ( rHI). 

10 Tii j i i i i n rT1 ■ TT iwiiiiw ii* I?. I n 1078. two thoupond ldlog raniD » f 

i nsulin were used in ihtf world Bach yem, half uf this was used hi the Uuii&U Stales (QteiucrV t al., 

*f!*? !l). AT TtlrIT Hwtfl j " 1|MI " r ■'•'^"■•'"-i in H». UQ win uiercaaing 606 ovory yoar (G unby t 

S 97 8). In 199 7 -9S, 10% hiumase in aalis uf diabUiA uui pro d mota and 10% inoronoo in inoulin 
pf Odimui have beeii lepmlul hy Novo No r diak (world'o leading supplier o f l imiting maVing it a 

15 7 ,8 ullliun dulhu iudusUy. Annually, lffaftOO Ame r icans a r c killed by diabotoa, malcing it tho^ 
fuinQj Lading eause of death. Many mothoao ol production of rHI fr i ve i been d eve l oped Tnsnliifc 
gonoo wor e firct ch e mically cyathe s iae d f o r expression in Fshprirhin nnlf (Cirea fit al„ 19 78). 
TUlsc guies enc o ded separate inoulin A and B ghainc . The gmes wrx^ narh frrprr,ssftri in F nol i 
q j fqjion pr o rt r* wWV tV "» p^g n friiusidasc (G oe ddol, ot al., 1 9 79) . The first doc^rTitrd 

20 fuuduaiun uf iIE u&'wg this ayatora wao roportsd by D a vi d Goeddgl from flfinrmtr;nh (TTalU 
1 &8). The genes we r e fused to the Tip synthase gone, whioh roault e d io increased inculin yield, ' 
due to the amallcr fuaion peptide. This fusion protein was approvod for oommoroinl production * 
by Eli Lilly hi 1982 (Chance and FiauL, 1993) with a pioduul name of Humulin. M of 198 6, 
riuniulin was pioduced lioiii pluniiiului geueb. r ' lumsuhii cuuiamtf budi iim ulhi islialm mid QiB C- 

25 p eptide dial mimens Lhein. luminal in mm post-minHlaQQnai processing oi proinsuiin includes 
us e of trypsin and caiboxy p cplidase D fux uialmaLimi lu hisuliu. Qdiei dal a cuiiitfiihilfe 
r onimrTrinl prnrii i rtirrn nf TTimr 1 ' 11 ,,l U m i '"i" 1 " 1 j i miini ' -m ^ nam r.rmKirlfrren proprietary 
irifnrmntirn an^ir^^ n,,rn ^ nKln<l n " p ' 1 ^'"- 

30 Protein Fur" 1 p ")r nrr Thn r^m^inti i n, nrm* M»i i ljuIla Qh a ljiuelasdu TBP waa 

d ^yig"^ "%ttH ^m;^^ o^;^ rn T mnnnr rirmrn j nhrarn , »nH m Jill .u - .qm ' HiLid majmn aiian 
f>1^ fitin proteins rYph er a l Rloc^n ic ™* nf thp ctrnn^rt Winvrn rntiiml fiborG and in - 

p ^PTit in g^n Ttgflm p ; T|tc qtiH ortfrinl ^VillrT i Fi^™''- nnTtn ■ j i n i ing i n ii 1 l i| l ll . .r|. Ka ..N c.r.lU.U 

ppntamPT havp TPmarlrahlp ftl a crHn prnp^^c ^oKIm^ op^r^rnl mfiflipnl ■ nnd nnn m ft riinfll ■ 

35 ^ p linntinnn rUrrv ot al. 1993. Urrv 1995, Dani e ll 1995V GVGVP pobm e rs provmt adhoDiono - 
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;ery 3 aid ia recon s tru c ting ticcu e c and delivering drugo to^hp , bc » dy^t^^^ t^^ - 
intended period of timo. North Amorioan Soionoo Aoaooiatoa, lap. reported foot GVGyP 
polymer ia non toxio in rnioo, non o e ncitiaing and non antigenic in guin e a pigc, and np n- 
p yrogcriic in rabbita (Urry ct al. 1993). RoaearoharD hav e also observed that inserting sheets of 

5 VlVn\rp „t tho mto. Q nfnnntnmiTintnH nrrmnHr m rotr Twhi/»gc th* mimW /vf qHhpeinne that fnrm 

as the wounds lie^al (Ur r y al. 1993). In a similar manner, using mc GVGVP to encaao muscle s 

tiiAl am. ■ ill . In i mo e.yr. m - oniy in rnhhitr pTATrantr rnnmn^ fnllrmn-ng tVi^ ripAratimi (TTrry p* 

Tiny 100*1) fHW ii T w nri i nnl npplinntirmr rrf hin^Qr+ir PPtPr inrlnHp ticcn» rprnnefmrfinn 

( synthetic ligaments and arteries, bonca), wound oovoringa, artificial porioardia, oathotoro and ■ 
10 piogiAixmi e d dmg delivery (Urry, 1995; Uny ct al., 1993, 1996). 

W e Rave oxpreaaod the clootie PBP (GVGVP) U i in E. ooii (Guda e t aL all 995), Brix e y et 
- al 1QQ7^ in the fhngin jfy»»yp7/ijj nMuhvw w fflforan^ ot ol. 1997V in oultur e d toba ooo oolk 
(SlldUg et al. 1995), ami in tiansginii t o bacco plants (Zhang ct al. 1996). In particular * 

15 (riVnVF)^] Imv W.n iJj e p i i ' qiinrl tn mmh high lairmlr in f? i-nfr that polymer- inMncirm hr>Hi*»A 
n nmnpinH np tn ihrmt QfWn nf the rrU vrthmrm .hIaii mp.hi.i i fwi bnfl ijj j n hnvn nrwui nhrnrrr a H in 

LUlUJuplasls uf Uamguiie tobacco plonto (ooo attaohod artirlcs Darnell and Gndn," * 1997). 
Recently, we icpuiled t> table tiansfuLination of the tobaceo ehl o ioplasts by integra t ion *tod * 
e xuit&iiun (lit bio p olymc r gene (EG121), into the Largo Single Copy region (5,000 uopin pu r 
20 <^e ll) or the Inverted Repeat region (10, 000 copies per ooll) of the ohloroplast genome (Guda I t 
- al., 2000). 

PBP aa Fusion Protein s t Sov e rnl oyotemo are now available to oimplify protein purification 
i ncluding the rnaltoac binding p rot ein (Marina ct al. 1900), glutathione, B ^ trausfcmsi, (Oinith ' a nd 
25 Jvhmm, 1 9 00), bi ot inyktcd (Taao - ct al. 1996), thiorodoxin (Smith ot al, 199 8 ) and oollulocc 
binding (Ong el al. 1989) proteins. In order to effectively utilise aforementioned fuoion protoin& 
i n the purification pioccss, lecombiuant DNA vectors for fusiun with short peptides aiet uuw 
available (3milh et al, 19QQ, Kini and Raines, 1993; Su ct al. 1992), Recombinant protoina arc 

£W l viA\1y pmifWI Uy jffi wi fy *W , ^nfrno-»npViy uninjr lirrnnHn rpa^ifm ^ yorrjor p r ^-j m (Hj| gg Q n 
30 ^1 1 0 07) WImIo tlnnnn nm nnnfhl tnnViriirpiar fr>r loK^rot^ o/»a1o pimfirqt i nn affinity 

— iluumalu&raphy f o r la r ge - scale purifioation ia tim e ooncuming and coet proh i bitive Therefore, . 

roli jjiuluiuj. Eailj i in the de T clopment of tkio teohniquo, p galaotocidaco Q gal) w a s mrd i=t5 a 
35 fu&ion pr o tein (Goldberg and Qoff, 190G). A diawboolc of thia mothod wao that th e P gnl protoin 
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■ high molecul a r w e ight foiW 1Q0»0QQ). Th e r e fore; th e proportion of the p e ptide 
product in the tot al pr o tein i s lo w . Another prob l em as s o ci a te d w i t h t h e l arge P- ga l fu sio n is 
cariy termination of translation (Buractto, 19 8 3; Hall, 19 88 ). This ooourrod when p gul woo uoec r* 
to produce hu man insul in pepti d es because the f u sion w a s d etac h e d from the , rib os ome during 
5 translation thus yi e lding incompl e te) peptides In order to increase the peptide production, oth e r 
prntninn nf Imrrnr mnlnmilnr nrnight prntnmr Wo hnnn unori an fuoion protoina. For oxamplc . 

* better yields we r e obtained with the tr y p to p han synthase (190aa) fusion protoina (Hall, 198S , 
Domett, 19G3). 

10 Ono of the primary goals o f this study is t o use poly(GVGVP) as a fusion piulein lu 

enable hypcr - cxprcssion of insulin and accomplish rapid one step purification of the fusion 
peptid e. At lower temperatures th e polymers exist as more extended molecules which, on raising 
tho tomporaturo abovo th e transition range hydrophobioally fold into dynamic structures called P » 
spirals that further aggregate by hydrophobic association to form rwistfiri filaments (Urry, 1991) 

15 Through expl o ita t ion of this reversible property, simple and inexpensive extraction and- 
purification is performed. Th e t e mp e ratur e at which aggregation takes place (T|) can be 
manipulated by engineering biopolym e rG containing varying numbers of repeats or changing sal t 
concentration (McPhcrson ct al., 1996). Another group hns rec e ntly demonstrat e d purification of 
rec o mbinant proteins by fuoion with th e rmally responsive polypeptides (Meyer and Chilk otr; 

20 1999). Polym e rs of different sizes have been s ynthesized an d expressed in F mli in thp Pi's 
laboratory. This approach would also eliminato the ne e d for e xp e nsiv e reag e nt^ equipment and 
- feto required for purification * 

Cholera Toxin p subunit as a fusion protein: Vibrio cholerae cause s diarrhea by colonizing the 
25 s mal l i ntestine and producing enterotoxins , of whi c h the cholera toxin (CT) i s considered the 
main caus e of toxicity. CT io a h e xam e rio ABs> protein having ono 27KDn A subunit which hag 
■ toxic ADP ribosyl transferase activity and a non toxic pentamer of 1 1.6 kDa B subunits that ar e 
non oovalently linlcod into a very 3tablo doughnut like s tructure into which the toxic active (A) 
subunit ia inserted. The A aubunit of CT consists of two fragments - Al and A2 which arc linked- 
30 by a disulfide bond. The- enzymatic .activity o f CT is loeated solely on the Al fiagmer rt-terrr, 
1976) , The A2 fragment of the A snhirnit li n ks the Al fragment and thr . B pF i ntamfr CT binrls 
via s p ecific interac t ions of the D subunit pentame r with OM1 gangliosidc, the membrane 
rocoptor, present on tho intestinal opitholial ooll surface of tho host Tho A subunit io then 
Uta nslopflted into th e- cell wh e re it ADP riboaylatoa tho Go aubuni t of adenylate oyclase b r inging 

35 ^abrnit tnp inrreagpH WpU nf e*yr\ir AX/TP in affer.tprl r.pAU that ir RRfinriatftH with thft ft1f>r;trnlyt* 
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of clinical cholera (Lobono ct al. 1991). For optimal ongymatio activity, the Al 
-fra gment nooda to be separated fro m the A2 fragmen t by pro t eolytic cl e avage uf die nuiii chain 
and by reduction of the disulfide bond linking them (Mckalanos et aL 1979). 

5 The Expression and assembly of CTB in tr a mgrnir pntatn rubers has hf i fin rnpnTTflfl 

(Arakawa et ah 1997). Tho CTB gene including the lendu ' peptide was fused lu an endoplasmic 

■ rf rfi r iiliim . HlH . Uilin ^iyiMl (^FTf OFT ,) ^1 ll l i V t. l lil I . >< M.quesLCI Hie CTB piuleill W TtfahT-fe 

lumen of the EIL The DNA fragment encoding the 21 "amino acid leade r pe p tide o f the CTD - 

10 ER. lmmun o bl o t analysis indicated that tho p lant derived CTB protein waa antigonioally 
4ndiotingui3hablo from tho baotorial CTB protein and that oligomorio CTD moleoulea (Mr — 50- 
kP a ) vrm-ft t h n dn mi nn n t mnlmilnr np^rifn inrlntH fir^m ^t""^ p rtfntn lnnfnnH tnW^nnnnn 

■ Biniilai tu bdLtbiial CTD, plant derived CTD dissociated into monomers (Mr 15 kDa) during 
' heat/acid tr e atm e nt 

15 

■ Enzyme linked Immuno s orbent assay methods indioated that plant synth e siz e d CTB -> 
protein bound s pecifically to GM1 gangliosides» the natural membrane receptorc of Chol e ra 
■ Tox i n . Thfr maYirmrm amount of CT B protein d etected in friiviia in d uce d mmffQrnir pot a to le a f ■ 
and tube r tissues was approximately 0.3% of the total soluble protein. Tho oral irnmunraation o f 
20 - CD ' ! mice with tmnagenio potato tissues transformed with the CTB gone (adminiatorod av 

■ weekly intervals for a month with a final booster fe e ding on day 65) has alco been r e portedi The » 
l ov e lo of oorum and mucosal anti-cholera toxin antibodies in mice we r e found to gene r a t e 
protectiv e immunity againot th e oytopathic e ff e cts of CT holotoxin. Following intrail e al inj e ction 
with CT, the plant immunized mice showed u p to a 6 0% reduction in dia rr heal fluid 

25 accumulation in the amall intestine. Syotornio and muoooal CTB sp e cific antibody tit e rs w e r e ■ 
dotormincd in both oorum and feces collected from iinmxmizcd mioo by tho clasg-spcoifio 
- oh e miluminesoont ELISA method and the endpoint titers for the three antibody isoty p es ( 
"IgMJgG and IgA) wer e d e t e rmined. The extent of CT neutralisation in both Vero cell an d ile al 
< loop exp e rim e nts sugg e st e d that anti CTB antibodies prevent CT binding to cellular GMI 
30 ■ gangliosidcs. Also, mice fed with 3 g of transgenic potato exhibited ■ similar intestinal protection 
aa mioo gavaged with 30 Dg of - baetcrial CTD. Recombinant LTD [rLTD] (the heat labile 

■ entc r otoxin pr odnccd by Ente r o t oxigenic E.c o li) which is structurally, functionally and 
i mmunologically armilar to CTD was exp r essed in transgenic tobaceo (Arntzen et al. 1998; Ilaq^ 

.. ot al . 1995), Th e y hovo reported that, tho rLTD r etained its antigenicity as sh o wn by 
35 immunoprooipitation of rLTB with antibodies rais e d to rLTB from E i ooii , The rLTB pr o te in w as 
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inlfimilflT weight and aggregated to form the pentamer as ronfirmrri by gel 
jaermpialinn chromatography. ■ 

D e liv e ry of Human Insulin: Inoulin hno boon dolivorod intrav e nouoly in tho pant oovoral yoaro. 
5 H o wev e r , more r e cently, alt e rnat e methods such as nasal spray, are also available. Oral d e liv e ry ■ 
of inynlin is yet anoth e r n e w a pproach (Mafhiowits at al M 1997) t Bnginoorod polymer 
mirmsphrrgs ma d e o f biologic a lly crodable polymers, which dioplay strong int e raction!) with 
■ gastr oi ntestinal mucu s a nd cellul a r lining s, ca n tr a ver s e both mu c o s al - ab s orptive epith e lium and ■ 
» tho folliolo acoooiat e d epithelium, covering the l ymph o i d tissue nf Payer' s patches Pnlymnrs . 
10 " maintain oontaot with intootinal opithelium for e xtend e d periods of time and actually p e netrat e ■ 
through and botwoon oollo. Animab fod with the 'polyCFA : PLGA) - cnca p 3ulatcd insulin — 
> preparat io n were a ble to r e gulate th e gluco s e load better than control confirming that inoulin — 
■c r o s s ed the intestinal barri e r and wa s re l ea s ed from - the - microaphereG in a biologically aotiv e ■ 
f o rm (Mathiowitg et al., 1997)> » 

15 

b e s ide s, CTB has also been d emonstrate d t o be an effective earner m ol ecu l e for th e 
induction of mucosal immunity to polypeptides to which it is chemically or genetically - 
■ oonjugntod — (MoKonaio ot — at — 19 8 4; — Dortabaugh ot — a+i — 1993) — ¥he — produotion — e£- 
.. inrniunomodulatory tranomucooal carrier moleculoCj ouch ao CTB» in plantc may groatly improvo — 
20 * th e offioaoy of edible plant voooinos (Haq ot al. 1995; Thanavala ot al. 1995; JVIaaon ct al. 199 6 ) * 
and may als o prov i de n ove l o r al t o ler a nce agents for prevention o f such a utoimmune d i s e ases a s ^ 
Typp 1 riiaheteg (Zhang e t al« 1991), Rheumatoid arthritio (Trentham ot al. 1993),raultiplc ^ 
s clero s is( Khoury et ah 1990; Mill e r e t al. 1992; W e inor ot al. 1993) ao woll as tho prevention of 
% allergic and a ll ograft rejecti o n re a ct i ons (S a yegh et a l . 1992; Han c ock et al. 1993). Ther e for e , ■ 
25 . expres s ing a CTEUproinsulin fu s ion would be a n ide a l a pproach f o r o r al d elivery of insul i n 

Chloroplast Conotic Engineering; When we developed the c o ncept of c hlo r o plast genetic 
-eag Laaoring (Donicll and MoFaddon, 1988 U.S. Patents; Danioll, World Patent, 1999), it wa3 
■ possible to introduce isolated intact chloroplaatQ int e protoplasts - and roganorato transgenic plants 
30 (Ca r ls o n, 1973). Therefore, early investigation!] on ohloropiact transformation focused on th e 
^■d evelopment of ti t org a nella systems using int a ct c h l oro p last s cap a ble - o f ef fi cient and prolonged 
transcription a nd transl a tion (Dan i rH a nd Rebeiz, 1982; Darnell et al . ) 1983 ) 1986) and » 
■ oKproosion of foreign goncs in ioolatod ohloroplaata (Donioll and MoFaddon, 19 8 7). Howovorr 
a ft er the discovery of tho gone gun aa a transformation device (Danielle 199 3 ) , it w as po ss ible to — 
35 trprntform plant chloroplactp without th e uo e of isolated plaotido and protoplaoto. Chloroploot — 
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n-ing wrac qrrnmplichpH in gpypral phacpg Trang^nt PvprpgginTi nf foreign genes 
i m plnnn ' dn nf dinnrn (TW^II n+ nl 1 QQO- V fl *>t ol ^ 1 QQfty fn1)M*r~J hy ctt^Ii crn^ipc in 

■ mnnnrntp (Hani^! /»f ^1 } 1 QQ1) T^nign^ t/^ th* rhl^nnplact ffPnpfiV pnginPPring ic rhp Hffvplnpmpnt 

nf a foreign gene nrpres s ion system using autonomously replicating chloroplast oirproooion 
5 ' vectors (Daniell e t al., 1990). Stabl e integration of a ool e otabl e marker g e n e into tho tobaooo — 

^rhlnrnplacr gpnnmp (Svah anH Mflliga waq a1<=n ar^ninplichpH using rhp g P np gim ■ 

. H o wever , u s eful ge a e s c o nferring v al uable trait s vi a chloropl as t genetic engineering h a ve been ■ 

■ d e monstrat e d only r e c e ntly. For e xample) plants - resistant to B.fc s ensitive in s ects w e re obt a ine d 

ny integrating th*» nw^iTAs* rx™° ^ trL t^rtQ^nn rhWnplQrt gannnriffl (\/l>P-rid ft a t . nl 1 005) Plnntn 

10 res i gtaat to B . t , resist a nt insecte (up to 40,000 fold) wer e obtained - by hyp e r gKpreccion of th e 

■ oryllA gen e within the tobaooo chloroplast - genome (Kota et a l . 5 - l999) . Pl a nt s h a ve al s o been 

introduced foreign genes were maternally inherited^ overcoming the problem of o uUcro s s w i t h ■ 
u weeds (Daniell e t aL, 1998). Chloroplast genetic engin e ering has al s o been used to produ c e . * 
15 ipharrnareutical products that are not uood by plnnta (Staub et al. 2000, Guda U al. 2000). 
Ch lo ropl a st genetic engineering technology i s currently being applied to other useful crops ^ 
(Sidorcv ot al. 1999; Donioll, 1999)> 

o. PRELIMINARY STUDIES 

20 A remarkable — feature of chloroplast genetic engineering is the — obs e rvation of . 

CRY protein in tot a l soluble prot e in^ e v e n in bl e aohod old leQVoo (DoCoaa ot al. 2001). Stable r 
expression of a phannac e utioal prot e in in ohloroplnoto was firot reported fo? GVCVP, a protoiii 
base d p ol }mer wr a th varied medical applications (ouoh ac th e prev e ntion of poot ourgioal 
25 < adhesions — and — s car s , woun d cov e rag e , -a rtificial pericardia, ticcue reconstruction — and 
programm e d drug d e liv e ry (Guda ot aL 3000). Suboequently» e xpr e ssion of th e human*, 
snrrmtntropin via the tobacco chloroplast genome (Staub et al, 2QQQ) to high levels (7% of total ■ 

cgnJnMp. protein) wag nVnaprvpn* Thp friUowjn^ inwetigatirmc^hai -btip in prngrprr in th a H-m iaU^ 

l a b illustr a te the power of this technology to expre ss- s mall peptide s, entire opexons, v a ccines th a t 
30 ' require oligomerio prot e ino with stabl e disulfide bridge s and monoclonal s th a t require as sembly - 

■ of hoavy/hght ohaino via ohnporonina. In order for cdiblo - insulin npproaoh to bo auoooaaful, it ia * 
pssmfial to deve l op a s e l ection syst e m fre e of antibiotic r e aiotant g e noo. On e ouoh marker fxoo ■ 

rhlnrnplqct trancfrtrmgtinn eyefpm hse Kppti finrrmnpbchpnUn thir Iihrn-otrvry (T>ani a I1 Pt nl ^f i nf!)* 

vE xyerimentg are i n progress to d e velop chloroplast transformation of edible l e a ve s (a l falf a a n d > 
35 .le ttuc e ) for the practical applications of this approaoh> 
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■■■ Fnpinftnring nniral pnthnrnyr iriq tha rhWnplict gmnm** Tr> plant anH animal npllc mirlpgr 
mPTVTftn nrn tmnnlnlnH mrmnri rtr^Tiirilly Thir pnrpr o rPT-ifM-.c p^Kl^^r, u^pt, prjnnaariTi^ 

multiple genes in plants (Bogorad, 2000). Therefore, in ord e r - to express t h e p o lyhy d r o xybi i tyr a te 
5 polymer or Guy's 13 antibody, single genes were first introduced into in di v id ua l transgenic ■ 

■ plntitr tVinn tWn plintr iuptp h-arlr-rrncrpH tn rprmictitntP thp pnrirP pathway nr fhp rnmplfttP 
prntnin (MnTrmth Pt nl A4» Pt 1 QCK) girniWIy in a cwpr. y<**r Irvng pffnrt Vft Pt al 

(2000) rooontly introduood a oot of thre e genes for a short bio s ynthetic p a thw a y that re s ulte d i n 

— fLrarntPTip PYprpgqinn in rirp Tn r.nntrnwt Tnngt p.hWnplngt gpnpg nf higher plants are t 
10 . r,ntTFmsr.rihp.H (RogrnraH 9000) Rrprr.Rsirm of pnlyr.istrnnR via thft rhlntmplast genn me, provides a 

nniqup nppnrhmity tn p.vprp.sfi pntirp pathways in a singlp. transform a tirm Rvmt We havft Tftr,p,nt1y . 
nraH tha RnrW-itr thttrrnrrrnncir (Fit) rr\rt npprrm ac a mnHp1 cyctpm tr> rlpmnnctratP npprnn ^ 

■ ffxpreggion and cost al f o rmat i on vi a the rhloroplsst genome (Be Cosa et al. 2 QQ 1 ) , Cty2 Aa 2 i s« 
■ th e diotal gene of a thr e e gene operon. The orf immediately upstream of gry2Aa2 co d fr fi for a 
15 pu tative ch a per o n in rrm facilitat e s th e folding of cry2An2 (and other proteins) to fo r m 1 
protoofrrtioally ptablo ouboidal crystals (Ge ot al. 199 8 ) - . 

Th e r e for e } th e cryQAa2 bact e rial operon was expre ss ed in tobacco chloropl as ts to test the — 
ropultant tranQgonio planto for inoreao e d expr e ssion and improved persistence of the pmnrmlated 
20 inflootioidal prot e in(o). Stabl e for e ign gone integration wao oonflrmod by PGR and South e rn blot ■. 
analysis in T 0 a n d T t transgenic pl a nt s. Gry2Aa2 operon derived protein ac cumul a ted at 45.3% of ■ 
the total s olub l e protein in mature leaves and remained stabl e ev e n in old bl e aoh e d loavoa ^ 

■ Mn~ 1°/nVKi£mrp 1) Thfc t'g thp highpgf IpvpI nf fnrpign gpnp pyprpgdnn Pwr rppnrtpH in 

« trancg e nio plants. Exce e dingly uncontrollable insects (10-day old cotton bollwomij beet a iray - 

25 Jirnrm) wprp IrillpH 1 nfiQ/n nfVpr r^nmny trancgpnir Ipavpc FWtrrm mi^-rr.gr^ph<: chnwpH th^ 

pre s ence of the in s ectioidal protein folded into cuboidal cry s tals similar in s hape to Cry2Aa2^ 
cry s t a l s obs e rved in Bacillus thuringionsja (Figure 2). In oontraat to ourrontly morlcotcd ■ 
transgenic plants with soluble CRY proteins, folded protoxin crystals will be processed only by , 
targot inaooto that have alkaline gut pH; this approach should improve paf e ty of Bt tranog e nio ■ 

30 . plants Ahsrnre nf insecriridal pr o teins in transgenic p o llen eliminat es - toxicity to non target ■■ 
insect s vi a pollen . In addition to th e s e e nvironm e ntally friendly approach e s this obs e rvation — 
ohould s e rv e ao a mod e l oyotem for largo - soak? production of foreign protoino within ohloroplaoto 1 
ki a fo l ded c o nfiguration enhancing th e ir stability and facilitating oinglo otop purification. Thio io - 
th e first domonGtratton of oxproooion of a baotorial oporon in tranogonio plants and op e ns tho ■ 

35 rincrr to engineer novel pathways in plonto in a oinglo transf o rmation event. * 
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■ Expressing small peptides via the chloroplast gonomo i It io common knowledg e that th e — 
■ medical community hao b ee n fighting a vigorous battle against - drug reoiotont pathog e nies baotcria ■ 
* for ye a r s. Cationic antibacterial peptid e o from mammals, amphibians - and - insecta hav e gained 
5 more attention ovor th e laot d e cade (Hnneook and Lohrer, 1998). Key featur e s of th e s e cationio 
p e ptidoo are a n e t pooiriv e oharg e , an affinity for n e gatively charged prolcaryotiG membrano i 

phnrpfinlipiHr nvnr n^ntr-al-rhflrg^ piiVarynti/r mi^HrgmPLg and thi* ability tn fr>rm flgorpoafpc that A 

y di srupt the b a cteri a l membran e (Biggin and Sancom^ 1999) ^ 

10 Thftrffi Qfft thrpp Tntajnr pftptiHar unth rv^hpltnnl gfmrtiirftg r.^rrrtpin frrnn Hynlnphr*™ 

eecropia (giant cilk moth^ magainino from Xcnopus laevia (Afrioon frog) and dofoiuino from 
. maTmnalian nrntrnphils , Mflgainin and its an a logue s h a ve been s tudie d as a broid . Epftfftmm 
4 opioal agent, a oyotomio antibiotio; a wound -healing stimulant; and an antioano e r agent (Jacob 
and FflTlnffj 199 4 ) We have recently observed that a , s ynthetic lytic peptide (MSI 99, 23 amino — 

15 ..a cids) can be Guoa e DGfiilly ejeprooaod in tobacco ohloroplaat (DeG r ay e t al. 2QQQ). The peptide ■ 
rrtainprl its lyrir activ i ty against the phytopathogeni e- ba c teria Pscudomonas syringac and 
mu l tidrug resistant human pathogen^ Pseudornonas aeruginosa* Th e anti microbial peptid e -» 
(AMP) uood in thio otudy was an amphipathie alpha - helix m o lecule that has an affini t y f or 
.. npgalivHy charge d phospholipids commonly found in tho outer -membrane of baotoria. U p on - ■ 

20 oontaot with thooo mombranoo, individual poptidoo aggregate to form porec in th e m e mbrane , ■ 
r e oulting in baotorial lyoio. Booauoo of tho oonoontration dopondont notion of the AMP, it wao ■ 
.ex prffggf ri via the chloroplast g e nome to aooompliflh high doao dolivory at tho point of infection. - 
PCR products and South e rn blots confirmed ohloroplaot integration of the for e ign g e noo and ■ 
hom o p l a s my . Gr o wth a n d d evelopment of the tra n sgeni c- plant s was unaffecte d by hyper , n . 

25 expre s sion of th e AMP within chloroplactSt In vitro assays with To and Ti plants confirmed that — 
the Aft IP was expressed at high l e volo (21.5 to 43% of tho total soluble protein) and retained - 
b i ologi ca l a ctivity against Psoudomonas syringao, a major plant pathog e n. In situ assays r e sulted* 
i n intense areac of n e cropiG around tho point of infection in control leaves, while transformed 1 
le a ve s s h o we d no sign s of necrosis ( 2 00 800 u . g of AMP at the site of infection)(Eiguje 3 ) , T , in — 

30 vitro assays against Pseudornonas - aoruginoaa (a multi - drag r e siGtant human pathogon) diaplayod ■ 
a 96% inhibition of growth (Figure 4). These results give a new option in the battle againGt . 
■ phytnpathngPTnr And drug » resi s tant human pathogenic bacteria. Small peptides (lik e insulin) ore -* 
d egraded in most organisms. However, otability of thi3 AMP in cliluiupldblA o pono up th is 
. cqnipartTnfnt for expres s ion of hormones and othor small peptidep. 

35 
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d aoocmbly of monoelonals in transgenic ehloroplaots ; Dental oarioo (oavitioo) 
.is probably the most prevalent disease of hmnanlrind. Colonisation of teeth b}r S. mutant is the 
single moot important riak factor in th e dev e lopment - q£ dental caries . S , mutans io o non motile 
gram positiv e ooocuc. — it — colonizes — tooth — s urf a ce s — and — gynthesiaes — gin cans — (insoluble 

5 p olj/AauJiafidc) — 0»d — fhlOtOnO from — GUCrOSe U S iXig the — enTymftg ghirngy1rrari<:fp.rflQft anH 

■ friirtosyltransferase re s pectively (Hota et ah 1972)i The - glucans play an important role by > 

4e4 ments sucroc e and produces Jaotio acid. Lactic aoid diaaolv e s the minerals of the tee th, 

■ producing a cavity ■ 

10 

A topioal monoolonal antibody th e rapy to preve n t adherer re of S , mutans to fpeth hns . . 

gpppntly V>ppn rtewlnppH Thp inpirWir^ nf rflringpnin hflr.tffT-ia (in Vmmang anH animalc) and 

dental oarioo (in animala) wao dramatioally r e duced for periods of up to two years after th e — 
ce s s a tion of the antibody therapy , No adverse events were detected either in the e xposed animals » 
15 " op in human voluntoora (Ma ot a ^ 199 8 ). The annual requir e ment for thio antibody in the US * 
alone may e v e ntually oxoood 1 m e tric ton. Therefor e , t h is antibody wao expr e so e d via the ■ 
shloroplact genom e to aohi e vo higher levels of e xpression and proper folding (Panohal ot al. * 
?Q0fi) . The integrati o n of antibo d y gene s int o t h e ch lo rop l ast genome was confirme d by PGR a nd 

■ Southern blot analysis. The expres s ion of both honvy and light ohaino was confirmed by western ■ 
20 bl o t a naly s is und e r reducing c onditions (Figure 7A»B)' Th e expression of fully asoomblod 

antibody waa confirmed by wootorn blot analysis under non reducing conditions (Figure 7C)i — * 

and oroate n e w applications of monoclonal antibodioo. 

25 

Marker froo ehloropln s t transgenic plants Moot tranoformation t e chniqu e s oo introduc e a g e ne 
that oonf e rs antibiotic rooiotanoo, along wth the gone of interest to impart a dooirod trait 
■ Regenerating transformed o e llo in antibiotio oontaining growth media pcimits selection e f o nly ^ 

■ th o se cells that have incorporat e d th e foreign g e nos. Ono e tranogomc planta arc r egenerated, 
30 antibiotio r e Giotanoo gen e o s e rvo no us e ful purpos e but they continu e to produoe their g e n e 

p r ^^ tg flTr^rfl +V primary r^ppmc nf ff*rWi/»g11y TnnHifif H (a\/T} rmpr ir the prnrnnrn 

■ of olinioally important antibiotio roaiotanoo gono products in tranogonio planto that oould 
inootiwto oral doooo of tho antibiotic (reviewed b y Puchta 2000; Darn e ll 1999A). Alternatively, — 
the antibiotic r e sistant gon e c oould bo transferr e d to pathog e nio mioroboo in the gaotrointoptinal ■ 
35 tr a ct o r s o i l rendering th e m r e sistant to treatment with such antibiotics. Antibiotio resistant ■ 
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e nf t he m ajor ohalleng e o of mod e m modioino. In G e rmany, GM oropo containing 
.antihintir resistant genes have been banned from release (PeeienbQom 2Q00), . 

« Chloropl a et genetic engin e ering offero several advantages ov e r nucl e ar transformation 
5 . inr hiding h i gh level s of gene expre s sion and gene containment but utilises thousands of copi e s 

■ of the most conunonl)^ us e d antibiotic resistanc e gen e s. Engineering genetically modified (GM)- 
* rrnps without the u s e of antibiotic resi s tanc e genes ohould eliminate pot e ntial risk of thoir 

transfer to th e environment or gut miorob e o. Ther e for e ^ betain e aldehyde dehydrogen a ce . 

■ (B ADH) g e no from opinaoh io uaod in thia otudy clq a aolootablo maricor (Danioll ot al. 2000). The 
10 se l ecti on proces s involves conv e rsion of toxic betaine aldehyde (BA) by the chloroplaet BADH 

frnzyme to nontoxic glyoino botaino, whioh alao aorvoo aa an ■ oomoprotootant. Chlo r opla3t 
tnmgfbmiB i tion effici e ncy woo 35 fold higher in BA aolootion than ■gpcotinomyoin, in addition to 

■ r a pid rogonoration (Tablo 1). Tronogonio ahoota appoarod within 12 daya in SOOd of loaf diaca (u p 
to S3 ohoota por diao) in DA selection c o mpared t o 4 5 daya hi 15% o f discs (1 o r 2 shouts pci 

15 n disfi) nn sprrtinnmyriu sHecti o a (Figure 8) . Southern blots confirm stabl e integration of foreign 
gffnfis intn all nf thr ; c hlo r o pla s t genomes (~1Q,000 copi e c p e r c e ll) r e sulting in hornoplaamy. 
Transonic — tobacco — plants — ohowod — 1537 1816% — higher BADH — activity a t — different 
d evelopmental stag e c than untronofonnod oontrola. Transgenic plants were mo rp hologically 
indiatinguishable fr o m untidiisf o uu e d plants and tlie hiUuduued uait was stably inherited hi the 

20 subsequent g e n e ration. This ia the first report of genotio engineering of the ohloroplQst genome 
without thf usp of antibiotic sele c tion . Use of genes that are naturally pres e nt in spinach for ■ 
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idition to gono oontainmont, ohould oaoo public oonoorno or porooption of GM 

oropd Also ; thio chould b e v e ry h e lpful in the d e v e lopm e nt of e dibl e inmlin ■ 

Expression of cholera toxin ft subunit oligomers a s a vaeeine in chloroplaoto ! CTB wh e» 

5 ^dminict e rod orally (Lobono and Holmgren, 1994) if> a - potent muoooal immunogon, whioh oan « 
centra lizfr the toxicity of th e CT holotoxin by preventing it from binding to the intestinal ccUg * 
(Mor ot ol. 1998). Thio io boliovod to bo a rosult - of it binding to eukaryotio ooll surfaces via the ■ 

' °M1 C Qrt gli^°1^ oc , ^^#>pt^c p^onf rm tn» inf^cfinal f»p i>tiM4«1 cnrfa^ tVmc ^liritinp q rnnrncal 

.i mmun e recponoo to pathogens (LipGOomb e et a t- . 1991) and e nhancing the immuno roopono e - 
10 * wbpn che mi cally coupled to oth e r antigono (Dortafcaugh and Eloon, 1993; Holmgron ot al. 1993; 
Nachar at ol. 1993; Sun ot ai. 199 4 ). • 

Cholora toicin (CTB) has previouoly been expre ss ed in nuclear tran s genic pla n t s at IovpIs , 
■ of OiOl (loavoo) to 0.3^ (tuboro) of tho total oolublo protoin. To inoroaoo expression lovola, wo - 
15 e ngineere d th e ohloroplact g e nom e to oxprooo tho unmodified CTB gono (Honriquoo and Danicll, " 
■ 3000). Wo obaorvod cxproaoion of oligomcrio CTB at levels of 4 5% of total soluble plant * 
protein (Figure 5A). PCR and Southern Blot analyses coafii ' nicd stable integration o f the CTD * 
gene into the ohloroplact g e nom e . Western blot analysis - showed that tranggonio ohloroplnst ■ 
expre s sed CTB wop antigenically idontioal to commercially available purified CTD anti gen— 
20 . (Figure 6) . AIgo, Gm\ ganglioaide binding assays confirm that chlor o plast syulhiskcd CTD " 
binds to the inte s tinal membrane r e o e ptor of ehokra toxin (Figure 5B). Tranflgpnio tobaooo 

plaTifc wpn> ^prplH^g?™ 1 ^' inHigtiTiprnirVraMff frnm nntmnrfnrmaH plnntr nnH tVin ^rrnHnnnH. 
wgg f^Tld Kf> gt* K1 y ^rihi^ritAH in ciiVic^qn^nt gpr>^r^nr> ip rnnfirmaH Vty PPT? ranrl 

Southern Blot onalyaoa. Tho increased production of an offioiont tranDmuoopal carri e r molecule . 
25 and d e livery oyatom, like CTB, in ohloroplasts of plants malcos plant basod oral vaooinoo and » 
fusion proteins with CTD needing o r al administration, a much more feasible ap pr oach. Those ^ - 
■o bservations octablich un e quivocally thot ohloroplosts are capable of forming disulfide bridges to ~- 
aooombl e for e ign prot e ino, and id e al for e xprecsion of CTB fuoion proteiHfr . — — - 

30 Polymcf pr oinsulin Rec o mbinan t DNA V e c to rs : One possible insulin ex pr ession systonr 

involvoo indopondont ojajrooaion of insulin ohains A and B, as it haa boon produood in E.ooli for ■ 

r./wirwjw^al ptit-pncAr 4r> th*> pact Tha rjirir^r^+nga ihir nnathoH in tVint F nnlt rinnn nnt fnrm ■ 

dioulfido bridges in the ooll unless the pr otein is ta r geted to t he pe r iplasm. Expansive in vitro 
aooombly aftor purification to noooosa r y for this appr o aeh. Therefore, a bettor approach would b e ■ 
35 to oxprooo tho human proinsulin as a pol v m r.r fusion pr ot ein. This method ib idoal booauoo » 
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m rnpnhle of forming riifmlfidft bri d ge s. Using a s ingle gene, a s oppo s ed to th e 

■ individual chaino, would eliminate the noooooity of conducting two parall e l vector construction 
proc e oo e Gj as io r e quired for tho individual ohaina. In addition, the need for individual 
-fer mentations and purification procedures ic eliminat e d by the singl e g e ne m e thod. In addition^ ■ 

5 ■ proinculin requires less processing following extr a ction . 

Recently^ the human pr e proinoulin gone was obtained from Gonont e oh, Ino. Firot th e pro^ 
' proinoulin wao oub olonod into pUC19 to facilitate further manipulations. Tho next stop waa to ■ 
dcaign primcra to moko ohloroploot OKprocoion vector s. Since we are interested in proinsnlirii 
10 ■ ojcproooion, tho 5' primo f wao dooignod to land on tho proinoulin ooquonoo. This FW primer 

■ e xclud e d th e 69 bas s e or 23 cod e d amino a cid e of the leader o r pre- s equence of prpprninsnlin 
< Also, th e forward prim or includ e d the ongymatio cleavage site for the prote as e f a ctor Xa to avoid 
. thp use o f cy a nogen bromide t Besid e s th e Xa factor, a Smol oite woo introduood to faoilitato 
■■s ub s equent snbcloning , The order of the FW primer sequence is Smal — Xa factor — Proinoulin * 

15 gen e . The r e v e rs e prim e r includ e d BamHI and Xbal sit e s, plus a short s e quence with homology > 
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. 9 sequence following tho proinoulin gone. Tho 297bp PCR produot (Xa Pris) woo 
c lon e d in to pCR2 . 1 i A GVGVP 50 mer wae gen e rated as described previously - (Daniall et al , 

1 OOiy a \m£<nritU tV™> PPC e^pi^r./^ r;A Ann AT, Annth^r ^TTiaT partial Hig^ctirm wac pPrfnrmpH - 

^lOm e r to th e Xa proinoulin s e qu e nc e . Once th e corr e ot fragment- was obtained by the partial ■ 
di ge s t io n o f Sm a l (eliminat i ng th e stop codoa - but including the RBS si te) , it w a s ligate d t o the* 
Xa proinculin fusion g e n e r e sulting in th e oonstruot pCR2.1 40 XaPris . Finally, the biopolymer » 
(4 Omar) proinsulin fusion g e ne was euboloned into the ■c hloropl a st vector pT D - CtV o r p SBL* ■ 
CtV and the orientation - wae oh e ok e d in th e final v e ctor using suitabl e restri c tion Git e ci * 



10 



■ Expressi o n and Purification of t he Diopolymcr - proinsulin fuaion protein i XL 1 Bluo o train 
of E. ooli oontoining pLD OC XaPriG and the nogativo controls, whioh inoludod a plaomifr - 
oontaining tho gone in tho rovorao orientation and tho E. coli sliuin without any plnainid were 

. ermxm in TPt U™ih fVll p^lWc nrrrn r^cncp^nHf»H in SOOf il nf antnnlmrf*H rfflnH nr ^Nf fiinniHin a ■ 

15 hydrochloride phosphat e buffer, pH 7.0 were sonicated and centrifuged at 4 Q G a t 10,000g fui 
' lOmin i Aft e r oontrifugation, tho oupornatanta wore mixed with an equal volume of 2XTN buffer ■ 
(1 0 0 mM Trie HC1» pH 8, 100 mM NaCl), Tub e o wer e warm e d at 42°C for 25min to induce - 
b io p o lymer aggreg a tion , Then the fua i on protein wa s rec o vered by rpntrifnging fit ?j^00rpm at 
13 g C for 3min. Samples were run in a 16.536 Trioino gel, transf e rred to th e nitroc e llulos e 

20 mpmhraro q»H irv>^iTi^K1 ^tting nrac pprfnrmpH Whan tVia rnnir avtrirt in in fiTU fVnnnid iaft- 

Hydrochlorid e Phoophato Buff e r, pll 7.0 ? tho molecular weight changes from its original and 
rnrr^t 71 PP trr n ^'c* 1 "- *fW " f "pp*-™"rr.n+nUr in i-r>n pKpwn oa r>) Thin p «»h«hiy^ 
d ue to the conformation of tho biopolymor in thia buffer: — 



25 Th^ ^ rttp firct c+fl^rl ^infh ft IXiff fWlj cnH tVi^n thi» MfflP Q p1 urac ctainpH with 

«Ce mmasBie Pi. 350 Staining Solution for an hour and then destained for 15rnin fir s t, and then 

^w^ijrht rs^l- a nP^fn,p ctoin (T fpi al 1 Pnl^mnar prnt^inr (rmtlirmt fnmnnt 

■ appear as clear bands againat a blue backg r ound in eol o i or dark against a light seuiiupaqu e 
-ba ckground (Figur e 9A). This otain was usod because other p r otein stains such as Coomagsie 

30 Phl° P*>™ /We not n-oiri rVi^* p^1trm«r prntflin dua tr> tVia lorlr nf nrmrintiV HHa rhninr (T^nPhnrnnn 

■ et a l ., 1992) , Thorofore» tho obGorvation of the 24 IcDa protein in R250 stain e d gol (Figure 9B) is 
■ due t o tho insulin fusion with the polymer. This observation woo further oonfirm e d by pro feiag- 
t h ooo blots with tho anti human proinoulin antibody. As antioipatod, th e polymer inoulin fusion 
■■ protoin wae obsorvod in w e ctorn blots (Figure IOAjB). Larger proteins obs e rv e d (Figur e lOA ^ C) 
35 »-aro tetramer and hoxamor oomploxcs of proinsulin. It i9 evident that tho inoulin polymor fiioion - 
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ble in E>colh Confirming thio oboorvation, r e o e ntly anoth e r lab hap ohown that tho 

PBP polymer protein conjugate s (with thi o re d oxin and tendamistat) undergo thermally rfivrrsihlp . 
< phase- transition, retaining the tranGition behavior of the free - polymer (Mey e r and Chilke&r- 

19991 These resnltg rlparly Hp.mrmgt r atp rrint iticiiIiti fiicinn hftc nnt offuptoH ffia immrrn 
5 fpmppratiii-p tr^n^iti/in prnpprfy nf trip pnlympr One nf the cnnremg is the gtahUify nf iTtsnlin 

■ at tf?cnpfararures used for thermally r e v e rsible purification. T e mperatur e induc e d production of 
b um rin insulin h a s been in commercial u s e (Schmidt et al« 1999). Al s o, the temperature txancitio B- 
can to lowered by increasing th e ionic s trength of the s olution during - purification of thiG PBP 

10 ec o nomically important prot e ino in a oimplo inojroonoivo otop. ■ 

Biopolymcr proinsulin fu s ion gene expre ss ion in ehloroplast; Ad d e scribed in s ection d,. 
' ohloroplaot v e otor wao — bombarded into the to b acco ehloroplast genome via — particl& i 
i bornbrtrdmirnt (DanielU 1997) . PCR and Southern Blot s were performed to confirm biopolymer » 
15 , proinsn1i*n fusion gene integration into ohloroploat gonomo. Southern bi o ta show homuplaAiny hi 
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polym e r proinffulin fiioion protein in all tmnogonio linoo (Figuro — IOC). 
Quaatifioation using ELISA io in progres s^—* 

Protea s e Xo Digestion of the BiopoIymcr - ppoiDsulin fu s ion protein and Purification--^- 
5 Proinsulini Th e onaymatio oloavag e of th e fuoion prot e in to r e l e as e th e proinsulin protein from 
the (GVGVT)4U was initiated by adding the factor 10A p r o tease to the purified fusion protoin at a 
■ ratio (w/w) of approximate!}' l i SQOi Cleavage of the fuoion prot e in was monitored by SDS" 
PAGE analysia. We detected cleaved p r oinsulin in the ext r acts isolated in GM guauidine 
■ hydroohlorido buffer (Figuro 10A,B)» Conditiono oro now boing optimig e d for c o mp l ete 
10 ol e avag e i The Xa protoaoo hao boon successfully used pr evi o usly t o cleave (GVGVP);nrGST 
fuoion (MoPhoroon ct al. 1992), — 

di RESEARCH DESIGN AND METHODS 

Evaluation of chioroplast g e n e expr e ssion; A sy s tematic approach te identify and overcome 
15 p otential limitationa of foreign gene exp r ession in chlo r oplasts of transgenic p lants ia essential. 
Information gained i n this study s hould incre a se the utility of chioroplast tranGformation oyst esft- 

■ b y scientists interested in e xpr e ssing other foreign prot e ins. Th e refor e , it io important to 
systematically analys e transcription, RNA abundanc e , RNA stability, rata of protoin oyntheois 
mid degradation, proper folding and biotogioa i activity. For e xample, the rate of trans oription ^of- 

20 tho introduood inoulin g e n e will b e compared with the highly expre ss ing endogenous chioropl a st 
rgenee (rbcL s p s bAj 16S rRNA), using run-on transcription a s says to d e termine if th e 16SrKNA 
promoter is op e rating as expect e d Transg e nic chloroplapt containing each of the thro e oonatruota 
with different 5' region s mil be inve s tigated to test their transcription effic i ency Similarlyj 
tjansgene RNA lovols will bo monitored by northomo, dot bloto and primer extension rel a tive to 

25 end o gen o us rbcL, 16S rRNA, or pabA. Those results along with run on transcription assays . 

■ ohould provide valuable information of RNA stability - , proo e oGi - ng - , e tc With - our past oxperien ce 
in e xpression of ceveral foreign genes, foreign transcrcipts appear to be extremely st a ble based 
on northern blot an a ly s i s. However) a s ystematic study wou l d b e valuabl e to advano e utility of 
this system by other scientists. Most importantly, th e e ffici e ncy of translation will b e toGted in 

30 i s ol ate d chloropl as t s and compared with the highly translated chioroplast prot e in (pcbA). Puls e 
i rhayr experiment s would h e lp ass e ss if tmnclational pausing, prematu r e termination occurs. - 
Evaluation of poroont RNA loaded on polysomes or in coustmets with or with o ut S^TUa wotrid* 
help determine the efficiency of th e ribosomo binding site and 5' stem - loop rranfllati&Ra^ 
^flhanoors. Codon opttmigod genoo will also be compared with unmodified gen e s to inv e stigate 

35 th e rate of tran s lation, pausing and termination. In our recenfr experience, we ob 9 orvod a 200 - fold 
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— tc cmmil a Uon o f for e ign prot e inn du e to d ecreases i n pr o teolysis ponferrrri by n 

^pi-^citi^ t-Vr^ pntrrt^"* nhopmnin (unth or nrithrmt fYPH1-K7) rhmilH pTmriHf> lraln-ahln 

inf o rmat io n on prot e in Gtability. Thua, alt of thin information will bo uflod to imp r ove the next 
, 5 generation of chloroplafit v e ctors. Th e PI ha s extensive experience in analysis of chloroplast gen e ■ « 
express io n (Relevant pub licationo are inoludod in roaumo). m 

Optimization of gene expression ; We have reported that foreign gonoo euro oxprooood b e tw ee n « 

■ Wv (ayJAaJ) and <\6% (pfyDAaJ opcron) in transgenic ohloroplnsts (Kotn ot al. 1909; Dc Coaa ^ 
10 et al , 2001) . Several qpproaohoG will b e uood to onhanoo tronolation of tho recombinant protoino. 

In chloroplaats, transcriptional regulation aa a bottlo nook in gone e xpr e ssion hoc b ee n ov e rcom e - 

by ntilHTIC t hf t mrfTnj: rt ^mitintiV^ pr"™ nr ™- ^ tVin 1 * n ^^TA fTh-rn) CWin nriunntnan nf firm in 

■. th a t it is r e cognis e d by both tho ohloroplact onoodod RNA polymeras e and th e nucl e ar encod e d ■ 
■■ chloroplaot RNA polymoraoo in tobaooo (Alliaon ot al. 1996). Several tnvcatigato r a have utilig&d - 

15 Pt^-n ^ thnr- c+n/^o nwrrAn fi ihr initial hnrHl^ r*f p^nfl pvprffrrinn tnTurriptirm m« Pnnn a t ■ 

nl 2001 } Fibl et al . 1999, Staub e t aL 2000). RNA atability appoaro to bo ono among the leapt ' 
■ problems booauoo of oboorvation of Q7ioooQivo aoounmlation of foroign tranooripto, Qt timoo 
16,966 fold higher than the highly expressing nuoloar tmnagonic planto (L ee e t al. 5000) j Alfio, - » 
■ othor inv e stigation!! regarding RNA 3tnbility in ohloroplastfl suggest that offorts for optimising » 
20 g ene expreccion n e ed to bo addrcaacd at the poafrtramc r iptkmdl level (Iliggs &t al. 1999, Eibl et 1 
ali 1999); Wo intend to foouo our investigation to address protein e xpression po s t 

■ tronooriptionally. For exampl e , 5' and 3' UTRn ar e n e ces s ary for optim a l transl a tion a n d mBNA ■ 
otablility of ohloroplaot mRNAo (Zorgoo 2000). Optimal riboaomal binding oitoo (RBS's) ao well - 
ao a otom loop otruoturo looatod 5' adjacent to th e RBS are required for effi c ient translation A 

25 recent otudy haa shown that replacement of th e^S hino Dolgarno (GGAGG) with th e psbA 5' - 
-4=EPR downotroom of the 16S rRNA promoter onhanood tranalation of a foroign gono (GUS) - 
hundred fold (Eibl ot al. 1990). Therefore, tho 200 - bp tobaooo ohloroplaot DNA fragment (1CQ0 - 
1 4 80) containing 5' pabA UTR w i ll be nscd. Th i s PCR product will b o - inflortod downstream of - 
* th e 1 6S rRNA promoter to enhance translation of the recombinant pr o teins 

30 

< Yet a nother appro a ch for e nhancem e nt of translation would be to optimise codon 

■ compositions. Wo hnvo oomparod A 4 T% oontont of all foroign gonoo that had beenexpress e d in — 

f o und th at highor lovolo of A + T always oorrolated with high expression levels (see table 2). It is — 
35 jp\\?q potentially poccible to modify ■ chloroplaat prot e ao e r e oognition oit e o whil e modifying ■ ■ 
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it affecting thoir biological functions. Tnorofor e , optimising oodon compo s ition s. 
of insulin and polym e r gen e s to match th e pobA g e n e should e nhance the lev e l of tmnclationi 
A l t ho ug h rbcl . (RuBisCQ) is the most a bu ndan t pr o tein o n earth, it i s a nt translate d as h ighly as - . 
*hr pshA grn" diT» th? ^Wtrr^y high rnmrvT ^f tr 1 ^ ppM p yr >d i m . T h p poM g^r" {c i- 
5 under stronger selection for increased translation fifffciffnry and is thf. most a bund ant rhylakrud 
^ protein . In addition, tho oodon uongo in higher plant chl o roplaats is biaacd to waida the TWC 1 
c o d o n of 2. fold degenerat e groups (Lo. TTC ov e r TTT, GAC ov e r GAT, CAC over CAT, AAC — 
i nvpr A AT, ATP over ATT, ATA etc . ) . Th i s i s i n addi tion t o - a s trong b ia s towards T at t hi rd — 
. pnTitmn of /Ufo ld d egener a te group c , Ther e is also a context e ff e ot that ohould bo tokon into ■■■ 
10 B onoid e ration while modifying opooifio oodono. Tho 2 fold d e g e n e rate oitoo imm e diat e ly ■ 
upstr e am from a G>IN oodon do not ohow this bioG towordc NNC. (TTr GGA io proforrod to 

TTC GGA whilo TTC CGT ic preferred to TTT CGT, TTC AGT to TTT AGT and TTC TCT to 

^-¥¥ T TCT, Morton, 1993; Morton and Bomadett e , 3000). In ad d it io n h i gh l y ryprPBg i rd 
ohloroplaot — gonca — tsae — GNN — more — fr e qu e ntly — &at — other — gene s.- — ¥be — wefe — site 
15 httpV/www .k a zu B ft . or . jp/codon and http;/Avww t ncbi«nlm,nih pov will be ur .a ri tn optimis e eorifii* 
composition by oomporing oodon uoago of different plant flpooio3' genomes and PabA*s genca. 1 1 
Ahunrianvfi' rrf am in o mridn in fThlnroplnntn nnri fPNA nntirnrinm prr^nt in rtilnrnplmt m'11 h n 
tflVpn into confiider a tion » Optimisation of polymer and proinoulin will b e done uaing a novel PCR - 

^ppr-rairh (PmHmmmi nnH PftnT-1 IftiTh C* a nim'tTTk of n l 100*7) wrli^l i Un m e »ll fully i i iim i I 

20 in mir l^nrqt^r tn r>pfiTniTa nnHnn rnmpnnitfnn nf nthr** Imm t nti p w ^tn i wc — 

Voctor con s tructions; For all the eoiialruete-pLP vector will be uood. This v e otor wod d e v e lop e d 
in thio laboratory fo r ohlo r oplaat - transformation. It oontaino tho T6S rRNA ■ promoLci 1 (Pirn) 
d riving th e s e lectabl e mark e r g e n e aadA (aminoglyoooid e adenyl tronoforooo oonf erring 

25 rpsi s tanre to spectinomycin) followed by the multiple cloning s ite and then the psbA 3' region 
(the terminator fr o m a gene coding for pho t o s y s tem II re a ction center components) - from the - 

■ tobacco ohloroplast g e nom e . Th e pLD vootor ic a ^ aniveroal chloroplact exproooion /integration 

vector and oan b e used to transform oliloroplast genomes of several - othor - plnnt species (Danicll •■ 
ot al. 1998, Daniell 1999) because these flanking s equence are h i gh l y c onserve d am^ng higher 

30 p la nt s. The universal vector no e s trnA and tnil g e n e o (ohloroplaot tranofor RNAo coding for — * 
Alaninr and Isoleucin e ) from th e inverted r e p e at - r e gion of th e tobaooo ohloroplaot gonomo ao 
' flanking ooquonooo for homologouo recombination. Booauee the uni v er s al vector int e grates ■ 
foreign genes within the Inverted Re p eat r egion of the chlo r oplaat genome, it should - double the ^ 
o opy numbor of tho tranogono (from 5000 to 10,000 oopioa per ooll in tobaooo). Furthormoro, it - 

35 hag frf^n d em o nstr a ted that homoplasmy is achieved e v « n i n the first round of s election ia - 
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bl y becau s e of the pr e oonoo of a ohloroplaot origin of f o p lioation within the, 



flanking aoqucncc i n the universal vector (theieh}f providing more templ a tes for integrati on)^ 
These, and several othe r reasons, fo r eign gene expression was ohown to bo much higher wh e n 



the universal vootor was used instead of the tobacco s pecific vector (Gudact al. 2000). 



15 



20 



CTD Proinsnlin V>r f or fonstrurtion: The chl o popla s t e xpression vector pLD- CTB-Proins witi- 
hr rrvnstmcte d as follow s. Fir s ts - both proinsulin and oholcra toxin B - subunit genes were 



amplified from cuitabl e DNA uoing primor ooquonooa. Primer 1 will contain the GGAGG ■ 
ohloroplaot proforrod ribooomo binding aito five nuolootidoa upatroam of the start oodon (ATG) 
10 fo r the CTD gene and a suitable restriction onsymo oito (Spol) for inoortion into the ohloroplaot 
v e otor. Primor 2 will eliminate the atop oodon and add the first two amino acids of a flexible -' 
' hinge tetrape p tide GPGP as re p o r ted by Do r ge r ot ct al. (1997), in order to facilitate folding of the 
CTD - pr o msulin fusion pro t ein. Primer 3 will add the r emaining two amino acids for the hinge 



t e tra p e ptide and oliminato the pro aoquonoe of th e nativ e pro - proinoulin. Primor A will add a 
s uitable re s triction s ite (Spel) for ouboloning into tho ohloroplaat vector. Amplified PCR 
produoto will bo inaortod into the TA cl o ning vector. D o th the CTD and p r oinaulm PGR 
fregmontfl will be - excised at the Srnal and Xbal rcatriction aitca. Elutcd fragments will bo ligatod 
into the TA oloning vootor. The CTD -pro insuliu fragm e nt will be excised at Qm EcoRI fetiiea and 
inDortod into EooRI digeatcd dcphosphor o lated p LD veetor. 1 



■ We mil design the following v e otorG to optimise protein expression^ purific a tion and production 



Ch i ore pl ast Genome 



Tranoformat i on Vootor — v — — v^-^-y — ^^V\ v -^-y 
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f of prot e ino with tho oamo amino aoid oompoaition as in - hamon inaulin. 
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tooo planto, Eibl (1999) do r nonatratcd, in vtw, tho diffcronooa in translation — 
« e ffici e ncy and mRNA otability of a GUS r e port e r gon e du e to variolic 5' and 3' untranolat e d — 
regions (UTP . 'g) , We intend to implement this a lready described syctemntio tranooription and — - 

. franclafinn analycic m nnr prar-tirsil PnHpqvnr n+ inrnlin prwliirfinTi Prmrirt a nf nrith V . ihVr . ■ 

5 (1999) data for inorooood tronolation offloienGy and mRNA stability, we wil l u s e the pshA V 

- UTR in addition with tho pobA 3'UTR alr e ady in uce , The 20Q bp t o bacc o- ch l ornplast TTNT A 
• fragm e nt oontaining 5' pobA UTR will b e amplified by PCR u s ing tobacco chlorop l ast DMA 
go t e mplate. Thio fragm e nt will b e olon e d directly in the pLD vector mu l tiple c l oning s it e 
dowiutiiam uf the, promo t e.! and the aadA gene. The cloned - s equence will bo exactly tho 
10 oamo qo in tho pobA g e n s, 

*b) Another — ap pr oach — of - p r otein — production — m — ohloroplasto — involves potenti a l insu lin ■ 

ihTyetvU'mtirm fnr f^lifratinp purification Thr ^rjtJJn? BnnWtJS thurineTivr, ctc npprrm 

derived putativ e chaporonin will b e ua e d. Expr e ooion of th e cry3Aa2 operon in ohloroplaotfr - 

15 piovideo a model oyatcm for - hyp e r - cxproaaion of foreign proteina ( 4 6% of total aolublc 

prot e in) in a foldod configuration enhancing their atability and facilitating purification (Be 
CoGa e t al. 3001). TTiiD justifies inclusion of tho putative ehapcronin frorrrthc c t y2Aa2 o per o n 
in nnp of thff newly designed conotruoto. In thio rogion thoro arc two open reading framca 
(ORF1 and ORT2) and a r ibosomal binding site ( r ba). This sequence contain s olomonta 
20 npppssary f o r CrytfAaJ cryctnl1i?iTrtion» which may help to crystallize insulin and aid in 

^ subsequ e nt purification. Suoooooful oryatalliEation of othor protorna uaing thio putative — - 
t chap e ronin hao be e n domonfltmted (Go ot al. 1998). Wo will amplify th e ORF1 and QRF2 of 
tho Dt Cry2Aa2 oporon by TCR uaing- the complete opesron aa template. Bub aeq u on t cloning; 1 
using a novel PCR technique, will allow for dir e c t fuoion of thio ooquonoo immodiatoly 
25 upotroarn of tho proinaulin fusion protein without altering tho nucleotide ooquonoo, whioh io ■ 

. normally necessary to pr o vi de a re s triction enzyme site (Horton et ah 198S)i 

c) To addicss cudun o ptimiza t i o n the p roinaulin gene will b e oubject to a certain modifications ■ 
in subs e quent oonDtruoto. Th e plaotid modifi e d proin s ulin (PtPris) will have its nucleotide - 

30 ■ ooquonoo modified such that the cod o na are optim i zed for p t a a tid expre s sion, yet its amino ■ 
■ arid sequence will remain id e ntical to human proinoulin. FtPris io an ideal substitute for ■ 

■ human proinaulin in the CTD fiiaion pe p tide. We intend to compare the ex p rcaaion of thia 

■c one true t to th e native human -proinsulin-to -dotermine th e affeoto to oodon - optimisation^ ■ 
which wil l serv e to addr e cO) in a oaoo otudy formay - onc rolovant moohaniatio parameter of 

35 tranalation. Analyais of human - p r oinauto - ge ne -shewed-fl iat -48-o f ito 87 oodonc w o re th e 
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10 



[uonoy oodono in tho ohloroplaat for - tho amino aoid for wbioh thoy encode. For 

'e x a mpl e , th e re aro - oix diff e r e nt oodono for louoine. Their - fr e qu e ncy within th e ohloroplaot 

gftnnnrift rangpg frntn 7 ^ tn 30 ft ppr thnnganH rnHnnc TWp attp 1 9 I^i^t^c j n p^nc^li^. fi 

h a ve the low e ot froqu e noy oodono (73), and nono oodc for tho highest frequency codona 
(30.8). In the plas t id op timized proinsulin gene a i l the eodon 9 will code for the moat frequent, * 
wrmrr n G jn human proinculin over half of the codoriB are-&e l e as t fr eq uen t. Huma n pr o insuli 
nuc le otide e e qu e noo oontninc 62% G-Kj^ whereas pla s tid opt i mized proinsulin gene wi l l 
contain 2A% CH-G i G e n e rally, lower C+G cont e nt of foreign - gonec correlatec with higher ". 
IpvpIe nf eypres sio n (T a ble 3 ) . ■ 

d) Another version of the proin a ulin geno, mini^ r oinsulin (Mpris), will also have its codona 
• optimised for plaatid oxproaaion, and ita amino acid 3equoncc will not differ from human 
proinculin (Prio)i Prio' ooquonoo io D Chain IUl 0 Chain KR A Gliaim whcr&ajs MPiia 1 . 
ooquonoo ia D Chain KR-A Chain. The MPri s- -seq uence cxoludca the RR - C Chain, which is ■ 
normally excised in pr oinsulin maturation to insulin. Tho C ohain of proinculin is an 
nnnoooaaary p art of in vit r o pr oduction of insulin. P ro insulin folds pro p e r ly and forma th e 
a p pr o pri a te disulfide bonds in the absen c e of the C chain. The remaining KR motif that e xists) 
between the D chain and the A chain in MPris allowa for maturo inpulin production upon 
cl e avage with trypsin and oarboxypoptidaac B. This construct will be used for our p r oposed 
biopolymor fusion protein. Ws ee i d o n optimization and amin o acid s e qu e nc e is ideal fo r 
rrmriirr insulin pr o duction. * 



15 



20 



o) Our ourront human proinaulin biopolymor fusion p rotein contains a factor Xa proteolytic cut 
■ site 8 whioh o e rv e o qo a oloavago point botweon the biopolymor and the proinsulin. Cu r rently; m 
25 «• c l e a vag e of th e polym e r proinculin fusion protein with - th e factor Xa hao boon inofSoion -Hn — 
« nnr han d s . Therefore^ we will r e plac e thio out o it e with a trypcin out sit e . Thio will olirninato * 

proces s e d by tryp s in in the form ati on of mature insulin^ insulin ma tu ration and fusion peptide 
c l eav a ge can be achieved in a single st e p with trypoin and oarboxyp e ptidas e i fr . 

30 

Mnplctc "translation pioducts-tn-plas 

icreforcj' while ■c?^>ressin^tiie^)olymer - prou!isttl3 
■ have d ece as e d th e l e ngth of the polymer protein to 40mcr, without lo s ing the thermal 
rooponaive proper t y. In addition, optimal eo d ons f o i glycine (GGT) and valine (GTA), which 

Tn^m «vfrl f ^f y^ O QQ/ nf t~Wr* trttnl OmiflA nr\Ae nf -t\\m nnhmur Ti-mm Vi ■ ■ n . Tf >( 4 T-n ->T1 mirl nnr 
w*J WXRIUlcrro tjv7 7 U KJL U-lv^ IXJ ta.1 ttiHUlU dOUJa vJI IHC DQl yilld. UsTvC UCC11 U2>CU. JJH All LIQUICcCi 
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m a s; glycine mak e c up 147/1000 amino aoido while in tobaooo ohloroplaoto it io 

19071000 Highly ^Ypr^ocing ggngc 1iV*> pcKA qtiH rhrT r»f trfchg^p mflkff 11f 1 Q i? TUTl 1 °/> 

gly/1000 . Therefore^ glycin e may not be a limiting faotor. Nuclear genes use 52/1000 p r o line 
as o pp o se d to 42 /1000 in chloroplaste . However^ currently U6ed cod on for proline (CCG) 
5 could be modified t o CCA or CCT to further enhance tran s l a tion,, It is known that p a thwa}^ 
for proline and valine are compartm e ntalized in ohloroplaoto (Guda e t al. 2000). AIgo, proline 
4b known to aooumulato in chloroplaots as an O3mop r otcotant (Danicll ct al. 199 4 ). 



g) Codon comparison of the CTB gene with p sbA, showed 47% homology with tho moot 
10 froquont oodona of tho pabA gone. Codon analysis s howed that 3 4 % of tho oodona of CTD 

ftrp rnmplimHitary t o the tRNA p o pulation in th e chloroplacto in comparison with 51% of 
*ps bA c o d o n s th a t are complimentary to the ohloroplast tRNA population. . Be c ause of the high 
l evels of CTB expression in transg e nic ohloropla3ta (Henriqucs and Danicll 3 2000), the r e will- 
■ bo no nood to modify tho CTB gono> ■ 

15 

■ DNA sequenc e of all oonatruots will be dotormin e d to confirm the correct orientation of 
gene s, in frame fusion^ and accurate cequBnoeG in th e recombinant DNA conotruotfi. DNA 
s e qu e ncing wall bo done using a Porkin Elmer ABI prism 373 DNA sequencing system using a r 
- ABI Priflm Dye Tcna iaatie n Cycle Sequencing kit. By using primers for each 3trand, insertion 
20 sites at both ends will be sgquear^d — 



Booauo e of tho oimilarity - of protein synthetic machinery (Brixoy ot al. 1997), expre s sion 
of all ohloroplnot vootoro will bo firot t e ot e d in E.coli befor e th e ir use in tobnoco tranc formation. 
For Esohoriokia ooii e xpr e ocion XL 1 Blu e ctrain wno uo e d. E. ooli will b e transformed by 
25 ■ standard CaCl^ meth o d. ■ 



(abacum var. Petit Havana) and niootin e fr e e edible tobacco (LAMP 60S, gift fr om Dr . Keit h 
Wyc o ff, Planet Di o teelm o logy) plants will be grow ir asc p tically by gLimination of ao e da on MS€ > 

used for bombardment. "" 



Leaves will be plac ed abaxial side u p on a Whatman No, 1 filter papgr l aying on t h e 
RMOP medium (Danicll, 19 9 3) in s t andard petii plat e s, (100 xi 5 mm) f or bombardment Gold - 
35 (0,6 fim )~ 
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will bo carried out with tho bioliotio dovioe PDISIOOO/H e (Bio P^ad) as de s cribed ■■■ 

- by Daniell (1997). Following bombardmont, pctri platoa will be sealed with parafilm and ■ 
4noubot e d at 24 °C undor 12 h photopcriod. Two days after bombardment, leaves will be chopped — 
into small pieooo of 5 mm 2 in aize and plaood on tho oolootion modium (RMQP containing 500 
5 fag/ml of spootinomyoin dihydroohlorid e ) with abaxial oid e touohing tho medium in deep — 
(100x25 mm) potri platoa ( 10 piocca per plate). The r egenerated s p ectinomycin r esistant shoots ■ ■ 
will be chopped ilito small pieces (-2mm 2 ) and oubolonod into fr e sh deep p e tri pl a tes (~*> pip i ngs 
per pl a te) c ontaining tho camo oolootion modium. Roaiotont ohooto from tho oooond cultur e oyolo — 
wall b e transf e rr e d to th e rooting m e dium (MSQ m e dium supplemented with IB A, 1 mg/litcr and 
10 sp e otinomyoin dihydroohlorid e , 500 mg/litor). Rooted planto will bo tranoforrod to soil and - 
■ grown at 26°C undor oontinuouo lighting oonditiono for further onnryoia. — 

P o lym e ras e Chain Reaction: PGR will be done using DNA isolated from oontrol and transg e nic — 
plantG in ord e r to distinguish a) tru e chloroplast transformantfi from mutants and b) cbloroplast . 
15 ■ tranoformantp from miol e or tranaformanto. Prim e rs for testing tho presence of the aadA gene (th a t ■ 
n confers sp e otinomyoin resistance) in transgenic p lants will be landed on the aadA coding 1 
scLjuciice dud 16S iRNA g^uc- (^xiuicis 1P&1M,). In order to test elil o r o plaa t integ r ation of the ■ 
« inaulin gone, one primer will land on tho aadA gene while another will land on the n a tive 
' ehlo r o p last genome (primers 3r&3M). No PCR pr oduct will be obtained with nuoloar transg e nic 
20 p lants using this set of p rimers. The p rime r set (2P & 2M) will be used to test integ r ation of the 
t ontiro gono oooootto without any intornal deletion or looping out during homologoua — 
recombination) by landing on th e r e sp e ctiv e r e oombination sit e s. A Similar strat e gy hns been 
■ uood suooooofuHy by uo to oonficm ohloroploat integration of foreign genes (Daniell ot al., 1998; 
Kota ot al., 1999; Guda ct al. y 2000). Thia sc r eening is essen t ial to eliminate mutanta and nuclea r 
25 tra n sfonn a at s. In order to oonduot PGR analyoca in transgenic plants, total DNA from 11 
unbombardod and t r ansgenic plants will be isolated as described by Edwards et al. (1991). ' 
Chloroplaat transgenic plants containing the pro insulin g e ne will be m o ved to seeond round of 
oolootion in order to aohievo houiuplajiny. ■ 

30 » S outhern Blot Analy s is: Southern blots - will be de ne to - de t erm i ne the copy - number of the - 
introduood foreign gono per ooll as well as to tost homoplaamy. Thoro aro s e v e ral thouoand 
copi e s of the chloroplaot g e nomo present in each plant cell. Therefo r e, when fo r eign genes a r e — 
■ ins e rt e d into th e ohloroplaot genome, it is p o ssible that some of the chloiuplast genom e s have " 
fuieign genea iategiatcd whil e utheis remain ab the wild t ype (liet c ioplasmy). There fo re, in order 1 

35 . to e nsur e th a t only th e transformed genomo oxioto in oollfl of tran s genic plants (homoplaomy), tho * 
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i oo will bo oontinuod. In cudu iu iciniimi that the wild tyyn genome dues uut uiisL 1 
a t th e e nd of th e oolocticn cycle, total DNA from transg e nic plants s houl d be probe d with tte 
chloroplact bord e r (flanking) s e qu e no e o (th e tail tmA- frag m ent Figur e 2Ai3B)i If wild typ & 
g e nomes are pr e sent (hotoroplnnmy), the native fragment sieo will be ob s erved along with 
5 ummfunucd genomes. Prcscnoo of a la r ge frugmont (duo to inoortion of for e ign gonoG within th e> 
flanking sequences) and absence - of the native small fiagiuont - should confirm homoplas my* 
(Daniell e t al., 1990, KuUrel - aL, 1999; Qmla el al., 2000). 

The copy num b er of the integ r ated gene will be determined by ootobliflhing homoplnomy ■ 
10 for tho tranogonio ohloroplaot genome. Tobacco Chloroplasts contain 5000 - 10,000 co p ies of * 
tlicii 1 gen o me uei cell (Daniell e t al. 1998). If unly a IlaUkm uf Qie genomes aie actually * 
^ransformpdj the copy number, by d e fault, muot bo looo than 10,000. By ootabliahing that in tho ■ 
transgenics tho insulin inoortod tronaformed gonomc io the only ono present, one could establish ■ 
<that th e oopy number is 5000 - 10,000 pe r cell. This is usually done by digesting the total DNA * 
15 with a ouitnblo restriction ongymo and pr obing with the flonldng sequences that enable 

■ homologous recombination into the chlmcjplas t guimuc. The native fragm e nt piet>eiil in thtf 
control should be absent in the tranGgonioa. Tho aboonoo of nativo fragment proves that only the 1 
transg e nic chloroploot genome is present in tho ooll and there io no native, untranQfoiincid, 1 
■ ehlo r o p last genome, without the in s ulin gene present, Thio cstabliahoo th e homoplaomio natur e of ■ 

20 our tainsformanla, simultaneously providing us with an estimate of 5000 - 10,000 oopiec of the * 
t foreign genes p e r celh 

■ Northern Bl o t Analysi s; Northern bloto will bo done to toot tho offioionoy of transcription of the — 
«pfeinoulin gone fuood with CTB or polymor gonoo. Total RNA will bo ioolatod from 150 mg of .. 

25 - frozen loaves by using the "Rnoasy Plant Total RNA Isolation Kit" (Qiagcn Inc., Chatsworth^ 
CA). RNA (10 -4 0 jag) will bi denatured by formaldehyde tr - eiatocn t , separated o n a 1.2% 
agarose gff l i n the pres e nce of formald e hyde and transferred to a nitrocellulose memb r ane (MOI) 
■ oo d e Dcrib e d in Sombrook e t al, (1989). Probe DNA (proinsulin gone coding region) will be ■ 
hhrlpri by the random primed m e thod (Promoga) with 32 P " dCTP isotope. The bl ot will be pre* * 

30 hybridised, hybridized and woohod as described above fo r souther n blot analysis. Transcript 
levels will be quantifi e d by th e Molecular Analy s t Program using tho GS - 700 Imaging ■ 
i Dencitom e t e r (Dio Rad, Hercules, CA). 1 

* Polymer insulin fusi o n p rotein purifica t i o n, quanti t ation and characterization s 
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Lor inouiin fuoion protoino OTthibit invoroo tompomturo tranaition proportion (Figure 
■ & and 10); they will b e purifi e d from tranogonio plants essentially foll o wing the same meth od 
recently doooribod by U3 fo r p olymer purifica t ion fr o m transgenic tubanuj plants (Zhdug e t 
al.,1 9 96). Polyme r extraction buffer contains 50 mM Tris - HCl, pH 7.5, W o 2 m e capto e thano ly 
5 5mM KDTA and 2mM PMSF and 0.8 M NaCl. The homogenate will then bo centrifuged at , 
10^000 g for 10 minuteo 01°C), and tho pollot will bo diaoordod. The supernatant will bo 
■ incubat e d at 12°C for 30 minutoo and then centrifuged immediately for 3 minu t es at 5,000 g * 
■ (room temperature)* If inouiin iG found to bo oonoitivo to thio tomporaturo, T t will bo loworod by 
inoroaoing onlt oonoontmtion (MoPhc r aon ct al., 1996). The pellet containing the insuliii'-polymer 

10 * £u a ion pr otein will bo roauopondod in - tho ontraotion buff e r and incubated on ice for 10 minute 
The mixture will be centrifuged a t 12,000 g for 10 minute s ( 4 °C) . The supern a tant will b e 
oollootod — a&4 — atorod — at ■ 20°C. — ¥he — purified polymer — inaulin — fusion-protein will — be- 
o leet ro pli or escd in a SDS - PAGE gd aiouiding to Lacnuidi (1970) and visualized by litlici 
otaining with 0.3 M CuClj (Loo ot al. 1987) or transferred to nitrooolluloao mctnbrano and probed 

15 willx autisuinn raised Agains t the p o lymer o r inaulin p r otein as doaoribod below. Quantificatio n 
of purified polymer proteins will be carried out by ELISA in addition to densitometry . 

Aft e r e l e otrophorooio, prot e ino will bo tranaforrcd to a nitrooolluloao membrane* 
elcc tr ophorctically in 25 inM Tris, 1 9 2 mM glycine, 5% methanul (pH 8.3). The filtu will Ll * 

20 b l o ek&ri with 2% dry milk in Tris-buffcred saline for two hours at room temperature and ataino d* 
with antiaorum raised against the polymer AVGVP (kindly prov ide d by the University of 
Alabama at Birmingham, monoolonal facility) ov e rnight in 2% dry milk/Trio buffered oalino. - 
*Th e prot e in bandc r e aoting to tho antibodiop will bo vigualia e d using alkalin e phoephataoe link e d 
pooondary antibody and tho oubotratog nitroblu e t e trasohum and 5 bromo A chloro 3 indoly l ■ 

25 phoophato (Bio Rod). Altomntivoly, for inouiin polymer fu s ion - proteins, a Mouse an t i - human 
proinoulin (IgGl) monoolonal antibody will be used a s a piiniary antibody. To d e l e U the binding 
■of the primary antibody to the recombina nt pr oinculin, a Goat anti mouse IgG Horc e mdioh 
Peroxidase Labeled monoolonal antibody (HPR) will be uced. The substrate to he nyr?d for 
conjugation with IIRP will be 3,3 ? , 5,5 ? » Tctramcthylbcnaidinc. All produota will bo purchase d" 

30 from American Qualex Antibodies in San Clem e nte, CA. Ac a pooitiv e control human * 
recombinant proinsulin from Sigm a will be u s ed. This human r e combinant proinmlin was 

DvpmMO^ ir> r smli Ky Q g^n-itViAt^ pmintmlm pann fWntifiri/ifirtTi r>f pnrifi nH pr>lymn« -film fin 

protHns will be carried out by densitometry using Scanning Analysis software (RioSnftj 
Fergwoonj MQ)i Total protoin oontonts will be determined by the dye^binding assay using 1 

35 r^Qnrp>ntc clippie in THt fV-nm TKn T?n^ iTntVi hmnnn nnnm nlkim ni w n» m « Hm ,4*^*4— 
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Char a ct e riz a tion of CTB - e j rpr -sss ion ; CTB protein4evelfi in trancgenic - plant crude extr a ct will 

* be determined using quantitative BLISA aooays. A standard ourve will be genoratod uoing lenown 
concentrations of bact e rial CTB. A 96 well microtit e r plate load e d with lOOpl/w e ll of bacterial 

5 ■ CTB (oono e ntrationo in the rang e- o f 10 - 10 8 0ng) will bo - incubated overnight at 4°C. The plate 

* will be washed thrice with PBST (phosphat e buff e r e d salin e contai ni ng 0.05% Two e n-20). Th e 
baokground will b e block e d by inoubation-in 1% bo vino coram a lbumin ( BSA) in PBS 
'(300|^l/woll) at 37°C fo r 2 h followed by washing 3 times with PB3T. The plate will be incubated 
' in a 1:8,000 dilutkm uf labbit anli-ihuleia Lujuu antibudy (3igina C-3062) (l O Ofxl/wcll) f o r 2 h at 

10 * 37°C, followed by washing tho wells throo times with PBST. The plate will bo inoubatod with a 
1.80,000 dilutiun uf aiiLi-iabbit IgG conjugated widi alkaline phushatase (lOO^il/well) fui 2 li at 

M°n nnA wjmhn.H tVirinn with Ttn . <ST Thran 1 (\f\ f i1 o1Vn1iTi ft phr > r ph^ n F ^ fiub f tfratr ( , Sig™^ Poof p_ 

nitrophcnyl phosphate tablet in 5 ml of water will be add e d and the r e action will -b e stopped with - 
■ 1M NaOII (50)j.l/wcll) when absorbancics in - the mid -r ange of the titration reach about 2.0, or 1 
15 - aft e r 1 hour, whichever oomoa first. Tho plato will then be road at 4 05nm. Those rosulto will be 

used to pftnrrate a standard rurwp frnin whirh rnnrf>ntr«»tirmc nf pi Qnt proton ^vtraprJgt^ 

Thu3, total soluble plant protein (oonccntration previously d o t o nnined using the Bradford assay) 
'in bicarbonate buffe r , p ll 0.0 (15mM NaiiCoj, 35mM NaHCOj) will be loaded at 100 plant 
Hl/well and the same p ro cedure as above ean be r epea t ed. The absorbancc values will be used to 
20 det e rmin e tho ratio of CTB protein to total soluble plant protein, using the standard - curve 
gener a te d previou s ly a nd the Br a dford a ssa y re s ults . ^ 

Inherit a nce of Introduced Foreign Cone s : While it is unlik e ly that introduood DNA would 
move from the chloropla s t genome to nucl e ar g e nom e , it io possibl e that tho gono oould got ■ 

25 t integrated in the nuclear genome during bombardment and remain undetected in Southern 
onalyoio. Therefore, in initial tobacco tronsformants, some will be allowed to sclfr p ollinate;, ■ 
wheroas othor3 will bo used in reciprocal crosses with control tobaooo (tranogoni e s as f e male ■ 
accepters and pollen donors; te s ting for maternal inheritance): Harvested seeds (Tl) will be 
g e rminat e d on media containing sp e otinomyoin.. Achi e vem e nt of homoplasmy and mode of 

30 'inheritance can be olas3ifiod by looking at g e rmination results» Homoplasmy sh oul d be in d icate d ■ 
. by tota ll y green s eedlings (Daniell et aL, 1998} while heteroplasmy i s di s played by variegated - 
' leavoa (lack of pigmentation, Svab & Maliga, 1993). Lack of variation in chlorophyll - 
pi gmentation among prog e ny should also undersco r e the absence of position effect, an artifact -of 
nuc l ear transformation! Mat e rnal inheritance will be demonstrated by sole transmission of ■ 

35 ■ introduo e d gonoo via seed generated on transgenic plants, rogardloos of poll e n oouro e (groon 
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e l ect i ve me d i a ) . Wh e n tranogonio pollen io uood for pollination of control p lanto, 
« r e oultant progeny would not contain rooictano e to chemical in o e l e otiv e m e dia (will appear 

of introduo e d g e n e G, and T2 o ee d will b e g e n e rated from those confirmed plants by the analyses ■■■ 
5 * described above — 

Cumpailsuu o f Cu r r e n t Purification with Polymer ba s ed Purification Methods ; It is 

important to compar e purificati o n method s by te s ting yield a nd purity of in s ulin prndnrrrl in , 

• r..mli * n r\ tftl i flcon. Thmn mothorir . will ha nnmp^rftH- q ctanrigrri fiiginn protein in K nnli l 
10 cpolym e r proinculin fuoion prot e in in E eoli, and polymer proinoulin fuoion in tobnooo. Polymor - 
' pmiu&uliii fusi o n p e p tide from tran9gcnic tobacco will be purified by methodology d e ooribod in - 
oootion o) and Daniel] (1997). E. eoli purification will bo performed as follows. Ono liter of oaoh 
pTP rmitTun i nc bfl^ + *ria will W qt^t i in LF^ampiHHin (ifi^ /w^rni^Vit tmH th*> fhcirm 

prntF»i T i J pitW pn^rmPT-prmrtcnlin nr rhp /-nntrnl fhginn prntpin (Prtwlpy anH TV/farVin 1 QQ7) wil.1 

15 bo cxprcaaod. Cclla will be hnrvoatod by contrifiigation nt 5000 X g for 10 - min at 4°G, and the * 
b a cteri a l pell e ts will be r e cucpended in 5 ml/g (w e t wt Boot e ria) of 100 mM Trio HC1, pH 7.3. - 
^Lyoogyrno will bo added at a concentration of 1 mg/ml and placed on a rotating ahakoT nt room ■ 
■ tornporaturo for 15 min. The lyoat e will b e- subj e ct e d to prob e coni cation for two cycl e s of 30 s ■ 
Vm/ 3 0 b uffal 4 ft C. Qdlulai dtfbiib will be leinuved by centrifiagation at 1000 X g for 5 min at * 

20 4 °C. The E. eoli pr oduced pr oinsulin polyme r fusion protein will be purified by invoroo 
Uemper a tme transition properties (Dani e ll e t al . , 1997). Aft e r Factor Xa cleavage ( as describe d in » 
oootion o)) tho proinoulin will bo iaolotod from the polymor uoing inv e roo t o mp e rotur e tmncitiorr . 
prop e rtioo (Dan e ill e t nl., 1997) and oubjoot to o?ridative aulfitolyais eta - doaoribod bolow. ' 
Alternatively, tho control fuaion protein will b e purified aooording to Cowloy and Maokin (1997) - 

25 as follows. The supe r natan t will be retained and oeutrifuged again at 27000 1 X g f ui 15 min at 
4°C to pollot tho inoluaion bodioa. Thc - aupc r natant will be - di s ca r dcd - and the pelle t rcsuspended 1 1 
i n 1 a al /g (origin a l wt . Bacteria) of dH^Qj aliquot e d - into microcentrifug e tub e o ac 1 ml fmoti eft^-*- 
a nd then centrifuged at 16000 Xg for 5 min at <1 Q C. Tho pollotn will be individually wachod with » 
1 ml of inn mM Tns-HCl, pH S.S, 1M urea, 1-1 Triten X-1QQ and again washed withlOQ mM. 

30 * Tris HC1 pH 8 .5, 2 M uroa, 2 % Trinton X - 100. The pellets will be l e suspeuded in 1 ml uf dllaO 
an d transferred to a pre weigh e d 30 ml Corox: o e ntrifugo tube. Tho 3amplc will bo oontrifuged at 
15000 X g fo r 5 min a t 4 Q C, and the pellet will be icsusp e ndcd in 10 ml/g (wet wl. pellet) uf 
, 70% fnrrnir ac id. Cy a nogen brornido will bo addod to a final concentration o f 4 00 mM and the 
-ea mplo will bo inoubatod at room tem p e r ature in the dark for 16 h. The r eaction will be ato p pod 

35 i hy transferring the sample to a round bottom flook and removing tho solvent by r ota ry' 
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50 °C. Th e reciduo will bo roouspondod in 20ml/g (wot wt. pollot) of dH^O, oholl 

frozen in a dry ice ethanol bath» and th e n lyophiliaod. The lyophiliaod protoin will b e diooolvcd — 
in 20 ml/g (wot wt. pellet) of 500 mM Trio HC1) pH 8 t 2» 7 M ure a. Oxidative sulfitolys is w ill be ■■ 
" peifumied by adding sodium sulfite and sodium totrathionate to final oonoentr a tioas o f 1 00 And 
5 40 mM, r e op e otiv e ly, and incubating at room temp e rature for 3 h. Thi s re a ction will be strippe d 

■ by fr e ezing on dry ic e . ■ 

1 Purifica t ion and folding of Human - Proinsulms Th e S sulfonated m a teri a l wil l be applied tn a . 
2 ml bod of Scphadcx G - 25 oquilibratod in 20 mM Trip HQ, pH 8.2, 7 M ur e a, and then wached 
10 ■ with 9 vols of 7 M u r ea, Tho collected fraction will bo applied to a Pharmaoia Mono Q HR 5/5 ■ 
column oquilibratod in 20 mM Trig HO, pH S.2, 7 M urea at a flow rate of 1 ml/min. A linoar 
gradient loading to final oonoontration of 0.5 M NaCl will b e uaod to oluto tho bound material. 2 

-mji (3 ml) fractions will be ooll e ot e d during the gradient, and - protein concentration in e a ch 

. frartinn mill V>p rWrrniT^H Purity ar>H nir>W.n1«r Trtacc rtf fr^n.H^g will ^maf^ Viy T^r-ine 

15 GD!>PAGE (a& &liuwii hi Fig. 2), where Tricinc is used ao tho trailing ion to allow better 

■ r e solution of poptid e o in th e range of 1 1000 lcDa. Appropriato fractions will bo poolod and - 

■ applied to a 1.6 X 20 em column of Scphadcx G-25 (su p e r fine) equilib r ated in S mM ammonium ■ 
aootato pH 6.8. The aamplo will bo oolleoted basod on UV aboorbanoo and froosso driodi Tho ■ 

■ partially purified £ ■ sulfonated material will be rcsuapondod in 50 mM glyoino/NaQH, pH 10.5 at ■ 
20 ■ a final concentration of 2 mg/ml. ft - mcrcaptocthanol will bo addod at a ratio of h5 mol p e r mob ■ 

of oystoino S sulfonate and the sample will be stirred at 4 °C in an open container for 16 h. The ■ 
sample will be then analyzed by r cvc r acd " phasc high ' porformanoo liquid chromatography (BP .. 

• Ad s orbed peptides will be elutod with a linear gradient of increasing acetonitrilo concentration 1 

25 C(\99% par min np in q mavimnm nf J.8%)... The rffrnflining rfffnlrlp.H prriincnlin will hr> 

I centrifuged at 16QQ0 X g to r e move insoluble mat e rial - , and load e d o a to a aomi proparativo ' 
' Vydao C4 column (IPX 250 mm). Th e bound mat e rial will b e elut e d as de s cribed above , a n d t he 
■ proinoulin will b e oollacfari nnd lyophilia e d." 

30 A nnly a U nnrl nhnrnrtnriintifln nf Inrnlin nvpyflccaH in TP ™li otiH Tnhoonn* Th* pnrififrfl 

■ e xpr e ss e d proinpulin will be oubjected to matrix assi s ted laser de s orpti on / ioni sati o netime .of 
fligliL (MALDI-TOr) Analysis (aj> described by Cowley and Maokin, 1997)» using proinml i n 
from Eli Lilly ao both on internal and ojctornal otandnrd. To dotormin e if th e dioulfide bridg e o * 
hQT . ro form e d oorrootly naturally inside ohloroplaoto or by in \4tro prooe 66 ingi n proteolytic 

35 digestion will be perf or med miug Stuphylvvvuuux aureus piulease V8. Five jig uf buth ditr 
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nsulin a nd Eli Lilly's pro insulin will b e lyophilia e d and reouGp e nd e d in 50 \i\ of 

350 mM NoPQit, pH 7.8. Prot e os e V S will - be added at a ratio of 1:50 (w/w) in experimental 
* aomploQ and no enzyme will bo added to the controls. -AH aamploa will then be incubated 

/w«»rrnpht at in 0 r th^ rporti^P ^tmII Via rtnppnrf hy -frnnntTiff An rWy - ino n w rf « nmpVa w i ll h t> 

5 s tore d a t ■ 2 0 °C until analyz e d . The campleo will b e analysed by RP - HPLC uoing a Vydao C 4 
column (2.2 X 150 mm) oquilibratod in 4 % aootonitrilo and 0.1 % TFA. Bound material will bo * 
olutod uoing a lin e ar gradient of increasing a cetenitri l e cca a c ea trat t on (0 . 88% per mm up trua , 
« maramim of 1 8%). — 

10 * CTP- r:A/n gongI lft " Hpt hiiiHiwg ftccny A f^MI -"FT ISA n^ny will.hft perform pj! as Hp.grrihftH hy 

■ Ar a kawa gt al (1997) t o detgrmin e the affinity of plant - derived CTB for GMl - ganglio s ide . Th e- 
miarotitor plato will b e coated with monosialogangIio6ide " GMl (Sigma G - 7 64 1) b}f mciihating 

■ tho plato with 100 ulAvoll of GM1 (3.0 jag/ml) hi bicarbona t e buffei, pll 9.6 At 4 Q C pveiiiight. 
Alternatively, tho wells will be coated with 100 nl/wcll of BSA (3.0 pg/ml) as oontrol. Tho platoo 

15 . will be inoubat e d with transformed plant total aolublo prot e in and bnotorial CTB (Giguia C 9903) 
in PBS (100 |il/woll) overnight at 1 °C. Tho romaindor of the procedure will be identical to the 
ELI9A dcsciibed dbuvu 1 

IfTltin'*'™™ fr^ft 1 tV l <*™Tiov Frrnr Tir^V nIH fpmolft MOD miop will hp pnrrhagAfl from Tar.Verm 

20 Laboratory (Bar Harbor, ME) and houaod at tho animal oaro faoility located in the school of 
Biology at tho Univoroity of Contral Florida (UCF). Tho mieo will bo divided into thro e groups 
oaoh group oonoioting of ton mioo. Eaoh group will bo fed ono of tho following niootino froo ■ 
odiblo tobacco : mitiuaafoniiod, oxp r coeing CTB, or expressing CTB - proinoulin fusion protoin. 
Beginning at 5 wcoka of ago, each m o use will be fed 3 g of n i cotine f r ee edible tobacc o o nce per 

25 < week until reaching 9 weeks of age (a total of fivo foodingo). — 

Antibody titori At t e n weeks of ag e , the serum and fecal material will be as s ayed for anti-CTB » 
an d anri " proingu1in antibody ifiotypec using the ELISA m e thod d e pcribod abo¥ e . 

30 A s se s sment of diabetic s ymptoms in NOD mice: The incidence of diabetic symptoms will be 
compri i Tw d nmong mioo fod with oontrol nicotine free edible tobacco that ciApicsscs OT15 diiHt 
' th o se that ex pr ess the CTD-proinsulin fusi o n pr o tein. Starting at 10 weeks o f age, the mice will 
' be monito r ed en a biweekly basis with urinary gluc o se t est btiijjb (Clinistix and Diaslix, Bayer) 
for developm e nt of diab e t e oi Glyoocarrio mice will be bled from the ta il v e in to check fui 

35 gly/wwin iieitig o qIh^qp* otiqI^ (A nnn riinnlr PnnViriTia™. Mnwihn.i -i ) H i n will W» 
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Lyporglyoornia (^250 mg/dl) for two oonaooutiv e w ee ks (Ma e t al. 1997). Tho plant 

*■ tioau e of oontrol and tranogonio planto to bo fod to mioo will bo providod for a collaborator (Dr. 

Ali A rrrirkhmf T rayi) Fl^riiin rforrpitnl) p^rf^pn thrrr ntiTiifn A 1 n ttrr nf nr)11 ^ hrtyr iti n r 

provided documenting this arrangement 

5 

T e nt a tive Proposed Schedule > 

Yoar I i ■ 

^a) Dpvfrlnp rp^nmhinant TTNTA vprtnrg far pnVr a nr ft H tnxi al fitittn nf prninmilin nn fnninn prnfnin 

10 with protein b a sed polym e ro or CTB via ohloroplaat gcnomoa of tobacc o — 
* b) Obtain transgonio tobaooo plants uaing tho tnm3fonuation vootoro 

c) Assay transgenic oxproaaion of insulin polymer fuaion prot e in and CTB in chloropl as t s u s ing 
■ mol e cular and biooh e mionl m e thods 

15 Yoar II; 

d) Employ e xisting methods of polymer purification from tran s gen i c Jfiavns nr dftvf i lnp new 
qpproQohoD for the fuBion protein and psrimfltp level s o f express i on , 

' o) Analygo gonotio composition of transgenic plant s (Men d elian or maternal inhpritanr . p) 
1 f) La r ge sealc purificati o n of insulin from gieen hume giuwu Uausgemc plants and cuinpaihjun 
20 of cmicn t insulin purification methods with polymor bao e d purification metho d ■ 

« ¥oar in 

n.) PnfnlrHna nnH rrhn-mntatH^fj^rt (y^lH -and pnriry) r>f prmnciilm prri^nrftH in F ™li arf H 

< transgenic tobacco 

25 ii) A^h^hhmi) ,,ri1m1,Mlii ^...pl,,,,.*. in MOD mi,, Ti.i1 mill. U M m r.upMi-.ump CTTU pminW^ 

f usion p r o tein ■ 

jj — Assessment of immuno roaponao in mio e fed with leav e s expressing CTB — 
k) Continue to ohnraotorigo oubsoquont tranogonio gonerationo (Tl, T2, T3)i 
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fi Vertebra t e Aninialr 

^nisrriptinn nf prnpn^pr) wnrfr- Oral tnlpranrp QnH tVia inniH a nr a nf Hinhntin nymptninn will hn 

rnmpflreri am ring mice fed with non transgenic tobacco (negative control)^ CTB expr e cping 
5 niootino froo e dible tobaooo (LAMB 605) and thoso that oxpr e so th e CTB proinaulin fuoion 
protoin. Thirty, fomalo nonobooc diabotio (NOD) mic e , four w e eks of ago, will be purchased .! 

■ from Jackcon Laboratory (B a r Harbor , ME) , an d housed a t t h r animal rare fac i lity 1nr . atf . ri in thf i 
sthuul uf Biulogy at the Univasity of Cential Fluiida (UCF). — 

10 «i> p n * w w» nl gumipo . Thn ninn will hn HnriHnrl intn tVia fnll^Trring prrmpe wnh grrmp 

oonoiating of ton niioo ! group 1, fed untransfomicd LAMB 6Q5; g r oup 2, fed transgenic LAJMD 
60S sjulliL&izuig, CTD; and g r oup 3, fed transgenic LAMB 605 oynthooiging (Ji'-fcUproinsulin 
■ fusion protein . Beginning at five weeks of age, each mouse will be fed 3 g of LAMB 605 once 
p e r week until reaching 9 weeks of age (a total of five feedings)i At ten weeks s s erum and fec al-. 
15 m a teri a l will be a ss ayed for anti - CTB and anti - in s ulin antibody i s otyype s u s ing BLISA as 
' dcaeribod abovo : 

■ The incidence of diab e tio symptomo will b o compared among mice fed'tranflg e nic LAMB 605 - 
aynthegiaing CTB and LAMB 605 aynthooiaing CT-B-proinoulin fuoion protoini Starting At 10* 
20 woolca of age, tho mioo will bo monitored on a biweekly baaia with urinary glucoac tost atripa 
(Clinistix and Binotix, Beyer) for dovolopm en t - of -d i a b cte s. Giyeo auric mice will be bled from the 
4 a i l vein to check for glycemia ucing a glueoD e analyser (Aoou Ch e ck, Boohring e r Mannhoim). 
Diabotoo will bo confirmed by hyperglycemia (>250 mg/dl) for two oonaooutivo woolco (Ma et ab 
*99?f. 

25 

* Investigat o r: The p l ant t i s s ue of control and tran s geni c plants to be fed to mice will be provided 

■ for a collaborator, Ali Amirkhosravi PhD ? (Florida Hospital), t o perf o rin Uie&e & t udic&. A lcttei uf 

■ c o llab o ra t ion is pr ovided documenting thi3 arrangement. Br. Amirkhoaravi's ojroortioo fo r 
n performing sc ientific inve s tigations involving animals is d e monstrated by his experience and 

30 - public a tion s provided in hie r e sum e .* 



Ju s tification of s p ec ie s se l e ction ; F e m a le NOB mice have a high in c i d ence o f developing 
aut o immune diab e t e s after 13 wooko of age (Gaakina ot al. 1092). Therefore, thoy aro the 
appropriate mn rlel for our rtudy fnr th e pr e vention of auto i mmun e diAlietes. According to tl i e 
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prev i ou s experienc e and Arakowa ot nl. (1998), ton mioo fo r oaoh grou p , thirty 
mic e totals will provide our otudy with tho amount necessary for reliable data. 

Votornary caro; Farol Temson DVM is tho v e terinnry oorttaultant for the UGF -animal core 
5 fooility. * 

Bit c o m fort j distress , p a in , a nd injury ; According to - the investigator' s experience^ - the mice - 

.inwnhrpH in ttiir mirppti^tinn will nnt ftvp<>n>nrp Hicr^rnfVvrf or cwftra gymptnmg inrlnHing 

aovoro diabotio oymptomo. Furthermore, tho opooifio diot for tho mioo io well tolorateri , Anirnnlr 
10 will bo ohoolcod regularly, and in oaoo of anj r viaibto oigno of diotrooo or pain, animolo will b» 
■ r e moved from th e otudy, how e v e r thio ic unlik e ly f 

- Euthana s ias Upon compl e tion of the study mice will be euth a niyeri by fin ovgniosf nf tbr 
inhalont anoothotio halothano, which io a atandard method of euthanasia. This method is 
15 consist e nt with the reoommendationo of tho Panel on Euthanasia of the American Veterinary 
M e dioal Acflooiation. ' ■ 
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PRODUCTION OF HUMAN INSULIN IN TRANSGENIC TOBACCO 

Honry Danioll; Principal Inve s tig a tor ■ 

5 * Ao the? valu e of molooular farming is r e alis e d, inv e otigations ar e being p e rformed to 

■ d e v e lop plant based expression systems. Aside from being aixmvkonmentally friendly a pproach, 
1 ohlo r opla3t gonotio engineering continually exceeds nu e ica r genetic engineering in total 

■ production of foroign protoins in plants. A rooont publication from - our lab (featured on the Gover 
of Nature Biotoohnology, January 2001) demonstrated foreign gene expre ss i on up to 46% of thr 

10 * total soluble protein in. chlo r o p last transgenic plants. ■ However, the full potential of t &&- ■ 
t echn o logy ia yet to be r ealised for biopharmaooutioal produetion. - Qur proposed investigation 

nntniln hnth mnviTniTing pr^mnilin prnHnnrinn in ^ViWnplact fraTtcg^Tiir plante anH ftvfllnating 

^ proposed modificationc for future chloroplafit foreign - gene expressions 

15 ^- Vector oonotruotion to oynthoaigo the Cholera toxin B (CTB) oubunit fucod to nativ e ■ 

v hirmon proinaulin wao first compl e t e d. Aq doaoribed on page 36 of this propo s al^ standard - 
mol e cular biologioal toohniqu e o wore used to create the sequence for the fusion protein DNA 
< f rom in d iv id ual geng s encodi n g CTB and nativ e human proinoulm. Th e DNA encoding thitr* 
^ucion protein w a c then sub olonod into tho ohloroplast transf o rmati o n vec to r (pLD) . 

20 

^ AUVirwgh ihf> ptn wHr»r nmtnmQ tail ihn n^ngfinnry flTnmmntn fnr nhlnrnplnnt mrprnnrnrw 

ef the CTB proinculin fuoion protein, an imp o rtant goal of this investigation is to e valuate the 
■ Hpn a ffnts of tran s l a tion th a t maximiz e foreign protein production.- Therefore, as p r oposed o n 
*p ag e s 35 - 38 , wo havo developed additional constructs, each with a differen t modifiialiuii, to 
25 < a llow for both thf optimisation of CTB-proinculin gene e xpreppion and evaluation of th e s e 
— modifi c ations ■ 

W e have cloned the 5' untranolated region of th e tobacco psbA gene including the 
-pr^rr^- (* ,T1 TP i )j n hrv™ in ^gnr^ 1 nn H p ,nr> r onorl ™ r a E* '* fi - /if7 w " 1"" ri ' 111 "" 1 pnw 

30 rising the primers CCGTCGACGTAGAGAAGTCCGTATT aed- 

GCCCATGQTA A AATCTTGG TTTATTTA, which r e oulted in a 200 baao pair product, as 
e xpected. W e ino e rt e d this PCR product into a TA oloning vootor, Sinoc restriction ongymo arto s 
were not avail a ble to sub c lon e th e 5'UTR hnmodiatoly upstream of the gene coding f o r the CT1>- 
proinsulin fusion protoin, wo ua e d tho "SOEing" PCR technique, described on page 37, to crea t e 

35 thg DNA sequence with the 5'UTR immediat e ly upstream of the-eTD ' pioiiuuliii genu (Figure 
2 ). The pro ducts of t his PGR include both the 5 ? UTR (20Qbp) and Hit; gene fui CTB-pxuij isnrrrr 
(60ft fe p) aa additional pr oducts as well &t> Hie dunn e d IPUTR CTB-piuiiihuliii (5CP) at 800 bp. 
« £ CP w a s e lut e d and th e n inoortod into the TA cl o ning vntoi whin DNA sequencing was rt 
performed to confirm aoouraoy of nuolootido sequence befo r e it was subcloncd int o t fac pLD 

40 * vecto r . ■■ 

^icriipr^ rm pagA 35, rhlnmp l tt c * fn r ff i gn g^nft^vp rptgq inn rnrrelatpg WftH with 

of tho g e no ooding ooquonooi Tho native human proinoul i n oo qu e noo io 3 8 % AT, whil e the nowfr/ 
synthooigod ohloroplaat optimized proinsulin ia 64% AT. We determined tho optimal ohloroplas t 
45 * c o ding Gequence for the proinsulin (PTprio) g e no by using a oodon composition that ia equivale nt 
t o the highest translat e d ohloroplaat geno, pap A. The prefcred codon mmpusitiou of psbA in 
« t o bacco i s co ns erve d within 30 vascular plant op e oieG. We havo oomparod it to - tho nativo hum an 

.prningnliTi H K TA cftq-ii*»nnp ^giiva 1) flin^a th^rs* nra tnn rnnny nVinnjrnn fnr ftnnvnnfinwnl * 
^mntagftnpgic xxrr miplnypH thf* Pftmrriira PPT? rnntliod fn r »n » *1 g f ti ft ijj n i l U ' ' AS* ileM lillHll Mil 1 
50 pflge 35. Figure 4 s fr pwfi thft prnrWf r>f ffiiy g ? pp gynflwin nnrrftnpnnHiwg tr, i hi. bp iLX^RAJi^f 
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Thic pro d u c t, PTprifi 8 w a s th e n used as a t e mplat e with CTB and 5'UTR to cre a te a f u si o n 
o f these sequences using the S QBiag PCR technique describ e d on pag e 37i The products of thio 
wact ion ca n he see n m figure S . ThPse mcju d er^UTR (200 bp), CTB (330 bp)) Proinsulin (3 8 » 
5 hp), and CTrVPr ninsitfin (fififi hp) as si de products, and also the desired CTB-PTprifr 

(TrTlTTr) ■ ! W il li l.p I hie urac thpn mcPTliHl Vin T t\ r)n-nir<g ^of ny nrh^rn ih* Qf>/|iiA n nA W flfr 

rrrifinri hnfrrm hftinc n i hrlnnnd intrr thr pT T> vrrtnr 

Anoth e r param e t e r of for e ign pr o t e in production to be investigat e d ic p o st - tran sla tion ak 
10 Ao dioouoood on page 37, the DMA for the put a tive chaperonin in the Bacillus thuringienxis Cry 
2A2 operon encode s a protein th a t c o u ld potent ia lly fold and crystallis e CTB Proinmlirij which 

i nrnnlH nllniTr it tn TiP.p.nrTmlfltp. in large. qnanti'tip.Q prnfp.p.tftd frrtm rhlmnnplast prnfpagpc and 

f a cilit a t e in subsequent purific a tion . St a n d ard mol e cular biology t e ohniquoo w e r e uoed to ins e rt 
this 1 DMA frngmont immodiatoly upatroam of th e 5'UTR of th e constru c t c ontaining the 

15 ffhWnplftct ^ptimiyprl prnmcnlin A rtHi tonally anrttVipr verfnr wag rrmctmrfpH tr. rnntair. rmly 
gWm Pfcn lprnmn Pttqiianna (r T r T A On) fn11m»pH Ky tV>P cpqiiPnpp winding fnr flip tnvjn P 

" ,L,1M ^ "y"*^^" nl^lr^plor^ ^p+Vre^arl p^-i^c-^1^ fi^/^ (/^TP PTprifl) TT l lf l ""ng+T1T"t ^Vlll 

<lllow ug to determine the value of the pr o in s u l in s equence modific a t io n b o th wit h an d w i th o ut 
*tl^5 ? UTR . 

20 

411 nf thn rnmlting iraptrtrTj prmtaining thp rlpcirpH prnictmptOj vrprp hcpH tn trgncfnmn 

■ b o th of the t obnooo oultivaro, Petit Havana and LAMB 605 (edible tobacco) . Tran s formation w as 
■ pcrfoimcd using the partiolo bombardment mothod^ ao described on pag e 38 -3 9 . B ombard e d * 

- l e avoo euro curr e ntly boing regen e rat e d into tranpg e nio plants und e r opeotinomyoiri c e l e otion* 
25 S eve r al clonoa hnvo bogun to form oho o to. Th e olonoo of P e tit Havana bombarded with the initi a l 

^rFD human promoulin oonstruot have r e gener a ted large en o ugh for us to extract DN A. 
■Cjitraotod DKA woo us e d qo a template in a PCR. reaction to confirm integr a tion of the cas s ette 

into t he chlo r oplaqt gonomo by homologous rooombination, ao d e scribed on pag e 39 . W e us e d 

twu yiimua in this l ' oaotion, 3P and 3M. 3P anneals with the n a tive chloroplast genome^ white . 
30 3M amieal& with t he gcno for opootinomyoin rooiotanoc, aadA * The 1600 bp pro d uct of thi s 
■ r e aotion io indicativ e of int e gr a t i on of t a- e co n struct i nto the gpname (F i gure 6 ) , Th i s experiment 

dcniGiuti ' atod that 7 of tho 11 analyzed clones were the d es i re d ch lo r o p la st tramgPTiir plantg . 

Western blots aro omr e ntly underw a y to confirm e x pression of variou s CTB-rprninsnlin fusion 
^pgo rfing in £ . coli . Because of thr similarity of rhlornplnst and E . coli protein S3mt h etig 

35 'll l^' l ii m -i y i l i Wrtplii a t wmtntm nm rniTHnnly tartaH in /vnr IqH HpfrtrA K^mKorHmpnt Mpmhwnpc 

hav e boon immunoblott e d with antibodie s to both CTB and Proinsulin. Results demonstrat e th e 

pmnnnnri n f »Vi^ At*e\r*A ^ic4rtr> p^f^ino 

Wo eagerly await tho regener a tion of the remaining r h lorop l ast transgenic plant s, Our 
40 ana l ys i s of thffsfr plants wi ll pr o v id e essential i nf o rmat i on t o d eve l op thic technology for future 
■ biophnrrnaooutical production . Our inve s tig a tion will also e s t a bli s h a method for produ c tion and 
dolivory of orally adminiot e r e d protein ther a pi e s . With ad equ a t e production of the CTB - 
proinsulin fusion protein in the edible tob a cco plants, d i rert ronstunption of the p la nt tic cu e, a c 

45 *^iftbetec 

proj ec t has already overcome initial experimental challenges by successful l y 
"Tnstrartrng ^hW^plft'it yrrtnr? mth riiffrrrnt rrgiilfitrr)^ r^ginns ntili7inrj m^gt rhalknrHnc 
mrnmhinant DNA tpr,hniqiip.s Roth nntivp. and r.ndon optimized synthetic proinmlin genes have 
so b e en inoort e d into chloroplact v e otorc . Our labor a tory^ io quit e e fSoiont in oanydng out oubooquent 
i rtrps to take this project to a succe ss ful completioni We look forward to NTH funding of this 
propooal to moko rapid progr e ss in propos e d objprtive a. 
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a. SPECIFIC AIMS 

■ Re s earch on human protein s in the pact y e arc hag revolutionis e d th e uo e of th e oc 
thorapoutionlly valunblo prot e ins in a vari e ty of olinioal cituationc . Sinc e the d e mand f o r the se 
5 prntein? is eyperted to increase considerably in the naming ye?rsj it would be wise to ensure that 
■■ in the futuro thoy will bo available in aignifioantly largor omounto, prof e rably on a ooat e ff e otiv e 
basis, Because most genes ran be expressed in many different systmnSj it is essential tn 
d e termine which system offer s the mo s t a d vantage s f o r the mamifar . tnre of the rernrnhinant 
prot e in . The ide a l expre s sion ssrstem would be one that produces a maximum amount of sa f e, 
10 feiologioally aotivo maternal at a minimum ooot. Th e uo e of modified mammali a n cell s with 
rennmhinant DNA teirihniqne.s has the advantage of resulting in products whirb are nlnsely 

o orried out on limited scale . The use of microorganismE finch as bacteria perm i ts manufacture Qn 
a largor Qonl e , but introduc e s the disadvantage of producing products, which d iffer a pprec ia b l y 

-humano aro not glyoooylated by baot e ria. Fuithoimoro, human protoino that aro e xprooood at high 
IqvoId in E. ooli — fr e qu e ntly a cquire -an unn a tural conform a tion^ a ccompanie d by i ntracel l ular 
■ prooipitation duo to lack of proper folding and disulfide bridges ■ Production of rec o mb i nant 
protoino in planto hor rnnny potenti a l a dvant a ges for gener a t i ng b i opharmareuticals relevant to 

20 a hnic a l me di cine . The se i nclu d e the following ; (I) plant cyst e ine ar e mor e e conomical thu s- 
i ndustrial f a cilities using f e rm e ntation cyotomcj (ii) technology io availablo for han^ooting and 
^processing plants/ plant products on a large scale; (iii) elimination of the purification requirement 
whon the? plant tioou e oontoining the recombinant prot e in is used as a food (edible vaccine s ); (iv) 
plants can be diverted to target prate ins into stable, intra cellular compartments as ctilnrnplflsfSj or 

25 ejcpieaacd difootly in ohloroplactcj (v) the amount of recombin a nt pro d uct th a t ran he pmrinrerii 

npprrwrh^c in An atrial -en ale* Wfflg- an/I ftri) health rigVg tr> i^nntaminatiVin wilh potential 

human pathog e no/toxin s are minirmTeri . 

Tt heen estimated that one t o harrn plant should be a ble to pr o duc e mor e r e combinant* 

30 -p»wl-ftiTi tV.or> o ^H-HtPr formotit^ rxf IT Tt. Q^HitiAn^ o plant p™/W»e a r^lVi™ 

toqo of gonotio manipulation and an imp e nding ne ed to explore altern a te u s e s for th i s ha7arrlons 

m-np. Hnw e VftT With the ftyr.pprinn nf p.iiTymftS (ft £ pHytagp) ItopIb nf foreign prntpfnc prnHnPnrj 

irunnr . lfiar trpm . sgr . nir , plants are, gfinnrally low , rnnsfly Inss than 1% nf the total s o luble protein 
35 (1) . May e t al , (2a) di s cuss this problem u s ing t h e following examples . Although plant d erive d 
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e patitis B ourf aee antig e n woe ao e ff e otivo qp a commercial r ec ombinant vac c in e* , , 
tko lovolo of exproooion in transg e nic tobaooo w e r e low (Q . QQ66% of tota l s o luble protein) Rvm 

oonoum e d ac food ( e dibl e va cc in e )) e xpression l e v e ls wer e low ( Q.3 % o f Total soluble protein) In 

■ lowi Oigi human Interforon □ 0 i 0O0Q17^ of fr e Gh w e ight, human o e rum albumin 0 i 03% a n d 
* erythropoietin 0 , 0026% of total s olubl e protein (see t a bl e 1 in refl) . A s ynthetic gene c oriing for 

fhR hnman ppiHprmal grnwtVi farW n> ao PvprAcc^H /inly up *^ fl OPI % t/vtol rnlnhl^ prnt^in in 

■ transgen i c t o bacc o ( 2 a) , T h e c o st o f pr odu cing recombinant pr o teins in alfalfa l eaves was 
10 estimated to bo 12 fold lowor than in potato tuboro and oomparable with seeds (1) . However 
* tobacco leaves are much larger and have much higher hiomass than alfalfa — The, cost of 
yroduotion of r e combinant proteins will be 50 fold low e r than that of E.coli ferment a tion (wife 
309< i oxprosGion l e v e lG, 1). A decr e as e in insulin e xpr e ssion from 30% to 5% of biom a ss d oub l e d 

thf» rrvzt nfpmAiprinn (Oft) Fvprpccirm Ipcc than 1% nf tnt^l grklnhlf* prntp-in in plantr h?c 

15 b oon found to bo not oommeroially foooiblo (1). Th e refore, it io important to increase levels of 
■ expre s s io n of recombin a nt proteins in plantc in order to exploit plant production of 
ph a rm a cologic a lly important proteins . 

A.n alternate ■approach, is to express fcireign protein? in chloroplasts of higher plants We*. 
20 have, recently integrated foreign gonoo (up to IQftOO oopioo por c e ll) into th e tobacc o ch lo r o p l ast 

goTi^TYi/> r^onlttng in grv^miiHatin^ rpftfttnhi'nntH- pr^tAino iip tft A7°A r\f tVtA total r^llnhr prrtt^in 

(3). (Slilumplaal Umiafumiation utiligoD two flanlcing ooqu e no e o thnt» through homolofloufi 
nermmhinfttinn, insert foreign DNA int o the spacer reg i on between t h e funct i ona l genes o f t h e* 
chloroplast genome^ thus targeting the foreign genes to a precise location! This eliminates the 

25 Vpftcttirm *>-ffi»rt» ™A £^n^ cilf^irtg frftqn^ntly r>hcf>n^H in rmrlfvar francgpnir plant? 

ghloroplact g e notio engin ee ring ic an e nvironmentally friendly a pproach ; minimiTrnfl concerns 
e f out cross of introduced traits via poll e n to weeds or other cropc. Also, th e concerns of insects 
dovoloping r e oiotano e to biop e stioideB ar e rninimia e d by hyp e r e xpr e ssion of singl e incectiffidal 

30 * v e m (g e n e pyramiding), Concerns of ins e oticidal prot e ins on non target inoooto aro minimized 
by la ck o f express i o n i n transgen i c p o l l en . M o st importantly, a s ignificant ad vantage in tbe 
pro duo tio n of pharmaoeutioal prot e ins in ohloroplasts is th e ir ability to proce s s eukaryotic 
* prot e in0 | including folding and form a tion o f disulfi d e bri d ges Q1) i Chapemnin proteins are 
p resent in e b l o r o p l actc (5 | 6) th a t function in folding and Qooumbly of p g olaMyotjc/enikafyotie 

35 prot e inc . Also, proteins a r e a ctivate d by difnilfide b o nd o xide/reducti o n c}rele s using the 
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■ oredoxin cystem (7) or chloroploct protoin disulfide icomerace (8) . Accumu l ation 

frilly accATinKlA^ rti f11 1fi^A Kru^rl fXrm ^1iiityiot> erimitn+mpin iriv r^lnrnpl'art tr^inrfnrmntinn 
f Q\ *tiH r>1i^rnm^^ nf TP (1 n ) find nnr tt T" Kl y of> nTlH 1 ^ >lf nf Vinnnnninnri 

^l^g 1? Tmft>Hy in tr^C 0 "^ Mi1»™plnntn (11) pminrln ntrnnp fli^ntinn fnr nnnnnmfhl 

5 pr o cessing of phirmErmtiPTil proteins inci d e nblnroplactc . Such folding and ?wmh1y ghmilrl 

Q ^ ?TTf p^ ^004 tr^tol np^rorirt^ ™r* in tV>A prnrWti' rm nfVnnrnn inrnlin ir -agcnri-atpH nn'th in. 

ifftT prnrf-yginQ "f ^i"^^ Virile ar.H H^ya^ r*f w<»tliinriinp){9h) 

10 Takon togothor, low lovolo of ojeproooion of human protoino in nuoloar tranflgonio plnnto, 

and diff i culty i n f o l d ing, assembly/processing of human pr o teins in E mli should makft 
^ falo r o p las t s aa id eal comp a rtment for expression of thooo prot e inc; production of human protein r 
■ in transgenic chloroplastc should also dramatic a lly lower the pro d ucti o n c o st . L arge « sra1ft 
produ c tion of the s e proteins in plants s hould be a powerful appro a ch to pr o vide trratrnf nt To 

15 -paticnte at an affordable ooat and pro vide, tobuooo fannoro alt e rnate u s e s for this hflrarriom rrnp . 
Thoroforo, w e propos e here expr e ssion of th e rapeutic proteins in transgenic t o b a cc o chloroplasts 
to inoroooo lov e lo of e xpre ssio n an d accomp lis h fn vntn prnofissing . 

Objectives 

20 *m ) Do¥olop r e oombinont DNA v e Gtorc for onhnnood OKpr e ooion of Hnmnn Samm Albumin , 

b) Optimise processing a n d purific a ti o n of pharmaceutic al pr o tei n s us in g c b lornplast yprtnrs in 

c) -Obtain tran s genic tnhnrrn plnnts 

25 d) £ h ar a cteri a e transgenic expre ssio n of pr o te i ns or f us ion protein s using m o lecu l ar nn di 
b ioohoniioal m e thodo in chloroplaoto 

e) Bmploy oiaoting or modified m e thodo of purification from transg e nic leave s 

f) . Analys e Mend e lian or mat e rnal inh e ritanc e of tranogonio plrmto 

30 c urr e nt purification methods in E.coli or y e aot 

h) Compare natural r e folding in chloroplacto with e xist i ng in vitr& pr o ce s sing methods 

i) r-^po^cnn/^^r^rt^7gtir.n (yiplrl qtiH parity) tV.^p^n^r pmt^inr prndnrrd in Trmnt n r 

&ooli with tranog e nic tob a cco chloropl a stc 
j) In vitro and in iiy'vci (preclinical trials) studies of protein hiofimrfinn^fy. 

35 
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b , BACKCROUfrrD AftIP OIGPniTOANOE 

HUMAN S ERUM ALBUMIN 

■ H S A ia a monomario glohnlnr prot e in and oonoiii to of a single, generally nonglyoopylat e tH 

5 pniyppptiHf* nhain sr^ Qminn arid? (66 i KDa and 17 disulfide hnnds) with nn 

p octransUtion al mo difications , It io oompoaod of throo atruoturally aimilar globular donrnma and 
t ho dioulfidoc or e position e d in r e p e ated oorioc of nine loop link loop structures centere d a roun d 

pjcrht figfpiPinrial Pyg-Pyg pairs TTQA ic initially cyn*n*»ei*7f»n or pre p™ il^imin ihe, liirar nnri 

r e l e ao e d from th e e ndoploomatio rotiouhim afcoi 1 r em o val of the, nminotemiinal propeptide of 18 

nrainntprminal residues nf the propeptide are cleaved by a serine proteinase (12). This rrgnltg in 

a wtrwnm i c allelic , genes . HSA be lon gs to the nsultigene family of proteinc that includ e alpha 
fetoprotein and human group specific compon e nt (Go) or vitamin D - binding f a mily . HSA 
15 fooilitat e o tranGf e r of many ligandG aorooo organ oiroulatory intarfao e G Duoh ao in th e liv e r , 
a nterrinej Virinry find hrai a. Tn a ddi t io n to blood plasma, serum albumin io aloo found in tioouos . 
IICiV acoounto for about 60% of th e tot a l prot e in in blood serum. In th e s erum of h uman advlt s, 
tho> oonrreatrntion of albumin if dfl rap/ml. 

20 Me d i ca l a ppli ca t i ons ; The primary function o f HSA i g the maintenance of c olloid a snifttic . 

pr^oc-ni-p. (r*OT>) ^ril->.Tti Klo^H vpggplc Ttc* ^nnHanPA moV^c if g-n important HptPrm^ant rtf thf* 

- pftannarnlnnetic behavi o r o f many d rugs . ff»e d uce d synth e sis of HSA can b e du e to advanc e d 
l wor dicoace) impair e d intestin a l a b s orption of nutrients or poor nutritional intake . In c re as ed 
olbumin lo s se s c a n be d ug to kidney diseases (increased glomerular permeab i l i ty to 
25 mooromoloouloo in tho n e phrotio ayndrom e )» intestinal dioons e o (protoin losing e nt e ropathi e o) or 
e anidative slrin disorders (hnms) rataholic states such as chr o n i c infectionsj s e poic, surg e ry , 
■ Mtofltinol roo&otion, trauma or extensive burns c a n a lso c a use h>fpoalbmnin e mia HSA is use d i n 

flfirapy nf blood jyohime disorders, for exam ple pnsth a pmnrrham r arntp hypnvnlapmia nr 

e Ytensive burns j treatment nf dehydration states RTid also fnr rirrhot i c and hep a t i c i lln e fic e c . It ic 
30 qIgq us e d as an addi tive in perfusion liquid for extracorporeal circulation. HSA io uood clinioaM y 
for roplaoing blood volume, but also has a variety of non th e rap emtio us e s, including its rolo aG a 
DtabLliaor in formul a tions for other therapeut i c proteins . HSA is a stabiliser for biologic a l 
aa at e rialc in natur e a n d is us e d for preparing biologioal otandardo and r oforonoo ma t e r ials . 
Furthermore, HS A. is frequently used as an e x perimental antigen, a c e ll . culture constituent and ty 
35 - crtnndnrri in elinieal e h e miDtry tooto . 
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Espr ess ion sy s t e ms ; The expression and purification of r e combinant HSA from variouc 
mimrrrgiiTiif i mr hie b°°n r*p"r+~^ pT^Yirv^y V* ^) VnnnUn ™ wv, y™ r ' fr™ v»««ti 

tn prorinre HSA both intrarHlnlary, requiring flpnflftirvition and refolding prior to onalyaio (18), 
5 and by secretion (19). Serrated HSA was equivalent structarallyj but the rprornhinflnt prorinrl 
ba d l ower levels of express i on (recovery) and structural h e t e rog e n e ity compar e d to th e blood 
d erived protein ( 3 0) . HSA was a lso e xpressed in Kiuyworomycas lactic a ye a st with good 
secretary prop e rties a chieving 1 g/liter in fed batch cultures (31) . Ohtani et a l ( 3 2) deve lo pe d a 
USA QKproooion oyotom uoing Piohia pafftorw and ootnbliohod a purification mothod obtaining 

10 rec o mb i nant prot e in with s anilar l evelc of purity and prop e rtieG a s the human pr o tein . In Bacillus 
QtobtilWj HSA oould b e s e cr e t e d u s ing bacteria l sign a l pepti d es ( 1 5) , H S A prndiTrtinTi in F mlh 
w a e successful but require d ad ditional in vitro proc e ssing with trypoin to yi e ld th e matur e prot e in 
(11). SijmonD ot al. (22) e xpr e GG e d HSA in trancgenio potato and tobaooo plantoi Fucion of HSA 
to the plant PR. S prosequsn s e resulted in cleavage of th e proGequenc e at itc natural Bite and 

15 sec retion of correctly proce ss e d HSA , th a t w as indi s tingui s h a ble from the authentic human 

protein TV"* ^p™»ggi™i 0 0140^ r>f thp fnt-al rnlnhlp prntp™ Wfwifftwftr^ nnnp nf tWp. 

mothodo havo boon e xploit e d comm e rc i a ll y . 

Challenge s in commercial production i Albumin io currently obtained by protoin fractionation 
20 from plirma and is ti a g w o rl d ' s m o st use d intravenouE protein , ectimat e d at around 500 metric 
tone per jfear i Albumin is administ e r e d by iritravonouo injootion of oolutiono oontoining 20% of 
albumin i Th e avorag e dosage of albumin for each patient varies between 2 0 . . 40 gnmw/dfly The 
rnnsumprinn of nlhiTmin is around 700 kilograms pn* million habitants p?r year . In ad d ition to 
th e high coot, HSA hac th e risk o f transmitting di s e as e s as with other b l o od.d eriv a tivc pr od uct s. 
25 T he price of a lbumin is ab o ut $3. 7/g , Thu s , t h e mar k et of this protei n approx i mate l y amount s to 
$ 2 9 6 QQ 9 OQQ prr millinn pe o p l e per ye a r (0 , 7 b i ll io n do ll a rs per ye a r in USA) , Becau s e o f t h e 

fr'tft nf » nf " f l 1 ^"" 1 ^] p^thptip Tnar»™mnWii1pc (lilrp /Wtrane) arp hcpH trt inrraagft plasma 

colloidocmotic pressure. 
*• 

GeB amoroial HSA Lb mainly pr e par e d from hnrmn phrma . ThiF sonrrpj tm d ly meets t he 

30 jprpiirffTTiffTitc nf tViR wnrlH rnarTrPt TVi^ a^ailgfiilitj/ nfhnnian plasma ic limitpri atiH PBTPfhl hpat 

treatment of the produ c t prepared must be performed to a void potential c o ntamination of thff 

p tHll'** U y V»»p?^^Q TTTV ™* r.tV.p r yjrr.opc TIip nneie r\f TTg A flvh-nntinn frnm mnnri nra irnry 

— high; In ord e r to m ee t th e demands of th e larg e albumin marlcot wth o oafo pro duo t at a low ooot , 

^nnyatiw praHnr^nn HyFtrmn flTTt riOOdrd Plant hintP.pVmnlrigy r>fFprc prnmipft nf nhtoirunfl oof* 

35 . and ch e ap proline to b e ne e d to tr e at human disea se s . 
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INTERFERON ALPIIA 

iajLintnrnntinc wi\h thn nytnlrino nnnnnrir, nnrl thn. immimr, TyBtp.ni Thrir f i mntinn in tn inrinr^ 
regulation of growth and diff e rentiation of T oollo. Tho human IFN a family ooncioto of at leaot 
33 ■ intronleoc g e n e c t 9 of which arc pseudoganes a nd 13 expres s ed gen<?s (subtypes) (?7) . Hum fin 
ffi frUu genes enco d e pr o te in s o f 1 88 or 3 89 amino acids . The first 23 a mino a c id s c o n s t i tute a 

10 signal p optido, and tho other 165 or 1 66 amino acids fo r m the maturo protoin. IFN a cubtyp e c 
■■ohow 78 M % hnmnlngy at the nucleotide level. Presence of two disulfide bonds between Cys- 
4;Cya 99 and Cyo 29iCyol39 io oonoorvod among all UN a apooioo (28). Human IFN a g esefr 
■cro e npr e Gced c onstitutivBly in orgaiiD of normal individuab (29,30). Individunl IFM a gonoo or e 
diffuinlly ex p ressed deponding on tho stimuluo and thoy ahow rootriotod ooll typ e expr e s s ion 

15 (3 1) i Alth o ugh a ll IFM ot subtypes bind to a common re ce ptor (32)> o e voral reporto cugg e Gt tha t 
t hoy ahow quantitatively diotinot pattornj of antiviral, growth inhibitory and immunomodulatory 
aotivitioa (33). IFN a8 and IFN a5 Doom to havo th e gr e at e ot antiviral actuary in li ves tiiTnnnr 

(31) TFM-/vS Viae gt Ipoet thp cam** anti^Hral gptiwity gc TFM-nr9 in /» vitrn 

tfn p ofimonto (unpubhohod data in Dri Prioto'o lab). It hao boon chow rooontly th a t IFN-a S i s the 
20 s erlu IFNki aubl>pi expressed in normal li v or tis s ue (34). IFN o5 onprooDion in pati a ntc with 
lAuumu hipa t i t ia C is r oduood in tho livor (34) and induo e d in mononuclear rell? QS) . 

spectrum of virusec but Als o for their pr o tect i ve role Against gome n o n - v i ra l pathogens Thffy are 
25 p otent immunomodulatoro, poooooo diroot antiproliforativo aotiviti e o and are cyt o to xi c o r 
oytootatio for a nurnbor of diffciuit t umour ooll typoo. IFN a io mainly e mployed ac a st a n da r d 
th e rapy for hairy c e ll leukaemia ; metastasizing c a rcinoma and AIDS as do dated a ngiogeni c 
■H ttmouia of mixed oollularity known ao kapopi paroomao. It io alco activ e i gum fit 3 number of 
rrth'T fivmTurF mti virnT rf«"*t^nr For ~rnmp1 Q , it if thf mrmif nppr™"^ +*iar-ipy ^v,™^;^ 
30 viral h e patitio B (CHB) and C (CHC). Th e IFN a oubtypo uood for ohronio viral hopatitia io IFN 
ccfl. About 40% of pationto with CI ID and about 25% of pationto with CIIC roopond to thio 
t lmidpy with sustained viral clcmvaiice. The usual do3ca of IF>J-q oxo 5 10 MU (nibrutBn^ouc 
inj>rtinn) thrfrP days per wee k f o r A 6 months for CHB and 3 MU throo dayo per w e ok for 13 
mint i ng fnr CHC . Three MU o f HTN a2 represe n t a pproximately 1 5 D g o f recomb ia a n t pr o te i a » 
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Q t^ fn p««™"*» nUrr>™n V^pin'h'r P h* ^TirrftQFPrfi hy rnrnVnninp TTTM.nf? and 
n^l^irin Th'T "^H^ti™ +^™pyj ™'hiVh ™ncirlArgh1y inrrpqgPC tflP rnft nf HlP tnPTflpV ATlH 
^gncpo ermrtA gHHitir m al oiHp pffoptg rpynlto 4rt onctainAH hWhAminql anH Wr^lngir'al TPTrnPrifYn in 
i bOTlt 10 * nt> 4 ^ ^nf°r P ^^ot tW pAjylotaH intftrfftrrm in wppVly rtnepg /vT 1 SO rip 

5 ?lr- r"~-^~ mc+»i™A ^cp^o^ f Q *» tr, Qhmit A(W n rffM./vS thP nnlv TFM-fY Rnhfrfpp. 

A yprAgc/^ livAr; tl l ic ^vprACcirm ic rerf^orl patents with fTTP nnH TTTM^rr^ <:pp-m<a tn hflVP 
- Pile Of the frpb 0 ?* Q r>tnn^ in HwaV fiitnmiT rpllr (cap ahnvp) An intpmatinn a 1 patpnt to 

ttac IFN - mS has boon filed by Prioto'o group to faoilitato oomna e roial d e v e lopment (3fS) 
10 . EKproGoion eye t a me ; Human int s rfarpnc ar e curr e ntly pr e p a red in micr o b i al systems v i a 

>pr>P,iT>hi'ii a nt TYM A tAr»hnr>lrigy in qmonntc wh^h rannnt Ha icnlfltArl from nntHTfll qmiTnp.<S 

QukogijrteC) fibr o b l a s t s, l ymph o cyte s ) , Different regombinant interferon - D genes have been 
s ynthesized protein i s not correctly folded du e to the lack of disulfide bridges and therefore) it 
interferon (39^0). One of the most efficient methods of interfrrnn«E1 rvprrssinn has hren 

pTiKlir^rl r^o^tly Ky Pol,» At al (A 1 ) Tr> thic rriAthr^ F ^n/r r^Kr trQnrfr>rmpH urith infATfrrnn 
wrtnTC (rPCTi l atAH hy tPTnpAratnrA in/WihlA pr^m^t^ro\ urAi-P |tr^im in high ^a11 Hpncify mltnrpg - 

th is roaultod in tho produotion of ^1 g interf e ron D/litor of cultur ei Express io n resu l te d 
20 « exclusively in the form of inaolublo inclusion bodioo whioh wero oohibilizod undor donnturing 
e onditionOj rofold e d and purified to noar homogonoity. Tho yiold of purifiod interferon □ wop ' 
approximately 300mg/l of cu l ture , Expressi o n in p l ante vi a the nuclear gen o me h as po t been 

t\rniefaci<n\s using fhr intrrfhron . EI pene un d er 3SS CaMV promot e r but tho o?rprocGion lev e l wac 

25 *«»*y CM^Iho,^ ol oh^trAH t^^nm tinrlftnr fnnffnrmntinn nHth Tntpirfpirm R nnrl 

tl i a cxpraaai e n level dotootod woo 0.000017% of fr e oh weigh t. 

ChationgBB in ynmmgrriil pr^iv 0 *^"' TVi ^ ^'^^ ^ f cnhj^tc inf^ntAH ^n'th hppatitig P ^nmc 
(HCV) io QOtirnnt e d to bo 130 million (5 million in Europo and A million in USA) . Seventy per 

viral h e patitio or cirrhooip ^ It might bo e olimatod howovor that thoro are about 10i,000 15,000 
onpop of ohronio inf e otion with hep a titis B \wis (HB\Q in Europ e , a clightly lower number o f 
e aooo in USA. In Aoia tho provalonoo of ohronio HCV and HBV inf e ction io v e ry fai flh (?hont 1 1 0 
inilrhn p^p 1 ^ ^ i n finrlifftl by H^Y nr^ nhn,lf 1<in " n ' n,n " n nT,n iilfn n * '^ h y Tmw Tn Afr i nn 
35 H f 7Y infnnt i nn in wr/ prnv n lont . 8in?n nnrsmi^^n ^ K nrn i ? ^ir? 1 ^^p^f^r ]<afaHg trt 14wr ^^>>^^ 
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r to liver cancer; — th e high proval e noo of HBV and HCV inf e ction in Aoia and 
Africa a ccounts for their very high incidenc e of h e patocellular carcinoma- Baood on th e s e data , 
th e noed for IFN « ic lar g e . IFN c <3 i c currently pr od uced in mirrnorg^nisrns by r nnrnhpr nf 
ee mpanioo and th e prioo of 3 MU (15 Dg) of r ec ombinant prot e in in the western m a r k et i s ab o ut 
5 Thus, the cost of one year IFN.«? therapy is about % 4,000 per pnrifMit This prir,fi mnkfiR 

' Uiu piudutL unavailable for m e at o f the patients in tho world oufforing from chronic viral 
hepatitis. Clearly methods — to produce — less — expensive* — rprnmhin^nt — prntHrts via — plant. 
*fe i ot eelmoiogy innovations would bo oruoial to make antiviral therapy wide l y ava il able , ftrsirlrs , 
■ if IFM a5 io mora e ffi c i e nt than IFM o t 3 , lower doc e c m a y be requ i red . 

10 

'INSULIN - LIKE GROWTH FACTOR I (1CF I) 

T h e TnsufoU ik e Gr o wth Fact o r pr o tein , IGF - 1 , is flu anabolic horm on e wit h a c a mp l e* 
m a tur a tion process . A single IGF ' I g e ne ie transcrib e d into s e v e ral mRNAc by a lternativ e 
spli c ing and ne e of different tran s cription initi a tion site s ( 4 /1 . 46) . Depen d ing on the choice of * 

15 ' fiplioingj two immatur e proteins are pro d uce d; IGF - IA , expre s se d m s everal tis s ue s nnrl TGF-TRj 
mootly onproaood in liver 01S)i Both pre prot e ins produce the same matur e protein , A and B > 
*jaa flaaturo forma have diff e r e nt longtho and compooition, ao th e ii t e rmini ar e modifi e d post 
tg anclation a lly by gly c ogylati o n . H o wever, thrsr ends are prnrnwri in thf last strp nf 
m aturation. Matur e IGF I prot e in ic secret e d, not glyoocylat e d and hao three diculfide bonder 70 

20 aminei aeida and a molecular weight of 7.6 IcD (17 4 9). Phyoiologioally, IGF I oxproooion io 
■ induced by growth hormon e (GH)« Actually^ the knock out of IGF I in mice has sho^vn tin t 
scleral functions attributod originally to GH are in faot m e diat e d by IGF I . GH production by 
ndfnfthypnfiri o in rfrprftnnftd fry fftird frn~k inhiHtimi rf VJ 12 T . jw ^ ,lftftC Tray.T cyntY^^n ^ 
different tiaouoa, but mootly in liv e r; wher e 9Q% of IGF J i s produced ( 4 8) ThF TfTF-1 rflr.fiptnr is 

25 e wpr e cc e d in diff e r e nt tissu e s . It ic formed by two polypoptidoo . alpha that intoraoto with IGF I 
a n d b e t a involv e d in cignnl trmcdunfion and aloo prooont in tho inoulin roooptor (50,51). Thus , 
IGF I and inoulin activation ar e simil a r . 

Mtdital applications ! IGF I io a potent multifun c tional anab o lic- ho rm o ne prmhir . rri in fhr , liynr 
30 upun &limulaliuu by growth h o rm o ne (Gil). In livo r e ii f hooia tho roduotion of reoeptoro for GH 

hnpntnnjrfrar nnH thf* Himinich^ cyntVi^c r>f tlift Kw»r parpn^Viymn rangR a prngTP.RSWP. fall a f 

o e ram IGF I l e v e lc i P a ti e nts with liv e r cirrhocic h a v e a numbor of oyotemio d e rrangem e nto Guoh 
as mujelc atrophy, oatooponin, hypogonndiomit protoin oalori e malnutrit ion whirh rnnld be 
teki e il lu ludmid levels o f circulating IGP - 1. Reoont studios from ffri e to's — laboratory h a ve 
35 ■ " ■ domonotrat e d that tr e atm e nts with low doc e c o f IGF I induc e significa n t improvrraentg in 
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tttc (53)) intoctinal abcorption (53 55), ootoop e nia (56), hypogonadiom (57) and 
livor function (5 8 ) in rate with e xp e rimental liv e r oirrhoeifi i Thec e date support th a t IGF 1 
difiuicncy plays a path o genic r o le in aovcral ayatomic oomplioationo ooourring in livor oirrhocin. 
The liver oan bo oonaidorod qd on ondoorino gland oynthesiBing a hormone such as ICfF . T with 
5 i m i mportnnt phyciological functions. Thus liv e r cirrhocic should b e vi e w e d ac a diooaoo 
-?iffffTTmpTini' a d fry n hrrrm^nf* ^flnjan^r n^^™™™ fn^ n4i,'nV. ropinnnnn^t t>iampy nnth Trre T in . 
■ warrant e d . Clinical studi e s are in progr e ss to a scertain the r o le o f IGF .I i n the management of 
^irrhotio patientd IGF » J is also being curre n tly used for T airm dwarfism tr^armpnt Thfiftf 

pofor.fr 1n;or ClU rA/^p*rtr TrTR.T ic nnt ^vprecp^H (^Q) A Ion THF-T J rating ag n 

Iff ^ ifpnghrrrmh ri t, 1 'r fl i "rn t n rjptrrr — ith inmlin in ^hWt Ql Htnr ( * r A j*M A ~r u ~ 1; " ^ 

K5 F - I a r e uacd in O3te o p ero si3 Uuatmcn t (62,63) hyporoataboliom and otarvatign duo to burning 

-find HIY infftfttittn (^/^) TTppn^lioVi^H g+nr«*»c inHi^at^ that TOF-T ^nl^ alert Via iicpH in patigntg. 

with artimlar rlerjenenitiYP disease (osteoarthritis). 

15 Expression S ystems t Th e pot e noy of IGF I hoo e ncourag e d a gr e at number of scientist s to try 
IGF I expression in various microorganisms due to the small amount present in human plasma. 

IQr - I in yeast waa ohown to have several disadvantages like Inw fermentation 

baotoria hao boon tho moDt ouoo e Goful approach; e ith e r as a secreted form fused to protein le?rie r 

20 -tf^qii^A^o (^7) r\r -fii^H n crwI^Kili T/*r| ? ffir.ity fhci/vn pr/M-oi-n {63) Trt oHHirirm Tl^T? T W hnrm 

■ produc e d ac insoluble inclusion bod i e s fused to protoctive polyp e ptides (69) . Sun OV Fim md 
, - . lo oting Le e (70a) expre ss ed IGF -I a s a trunc a te d bet a* ga l act o si d ase fu si on pr o te i n The , final 
yu r ifieation yioldod approximat e ly 5 mg of IGF - I h a ving n a tive conformation per litfir nf 

25 e xpr e ssion of 0 , 543 rng/ml in rabbit m ilk. 

Challenges in commercial production s IGF I c irculates in pl as m a in a fair l y high c o ncentrati on 
varying between 120 <1Q0 qg/ml . In cirrhotic p a tiento the valuec of IGF I fall to 20 ng/ml and 
fr e quently to undetectable levels . Replacement therapy with IGF - I in liver cirrh o sis requires 
30 .grfTnimctrarinii nf 1 S-9 ttio per H»y fnr par.h patient Thus, e,vejy r.irrhntir, patient will mnsume. 
-about 600 mg p e r y e an IGF I io curr e ntly produo e d in bacteria (71)i The high am o unt of 
H rooombinant prot e in n eede d for IGF -I replacement tfaer a p}^ in patients with l i ver Hrrhnsis will 
■ mak e thic tr e atm e nt exceedingly expensive if new methods f o r cheap pr od ucti on of reromhinant 

prHn" q "» nn * W^fal^pa/q PflriHarj on /larnit'hpH tin*™™ } Trig T ir unnrl in tr a nhn o nt nf mi rnrflnnr i 
35 , iti^f**, "Ct^p^T-^oie ctanra+irm ar>rl li^rp^atghnl icm J/jti.T HEP in nSTPnarthritlS IS mTTgntl} ! 
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ated. Again* plant biot e ohnology oould provido a oolution to mak e economically 
fe a sible thf application of I GFJ therapy to all the s e p a tient s. 

TH L OROPT b ST GENETIC ^ENGINEERING 
5 « Whon wo dovolopod tho oonoopt of ohloroploot gcnetio onginooring (72,73), it was 

pos s i ble to intr od uce i s ol a te d int a ct chl o r o pl as te into protoplasts and regenerat e transgenic pl a nts 

of in organolio syot e mo ucing intaot ohloroplaotc oapablo of offioiont and pr olonged tranooriptien 
end tranolation (75 77) and onproooion of foreign genes in is o lated chl orop las t s (70). H o weve r , 

10 , * fafto r tho diooovory of the gon e gun op a trancformation d e vio e (79); it wac poceible t o transf o rm 
pl ant ch l oroplasts Mfithoi . it the use of iso late d plastids and protopl as t s. Chloroplnst genetic 
e ngin ee ring w a s accomplished in sever a l phased — Tranci e nt e xpreocion of for e ign gen e c in 
>p lQ3tid3 of dioota (80,81) wda followed by cuch ctudi e o in monocotc (83)i Unique to t h e 
■ ohloroplaat gonotio engin e ering io th e d e v e lopm e nt of a foreign gono e xproaoion oyot e m using 

15 autonom o usly replioatmg ohloroploot expre s s i on vect o r s ( 8 0) . S table integrat i on of n . srlrr . tnblr, 
marker rjme in to thf? tobacco chl o roplast genome (83) wao aloo aooompliohod uoing tho gone 
gun. Howover s UG e ful gen e c conf e rring vnhnbl e traits via ohloroplafjt g e n e tio e ngineering hw e 
boon domonatnatod only rocently. — For e xampl e , plants r e oiotant to B.ti conoitivo inc ec tG w e r e 

20 T^mntfmt P * ~frr™* ("p tri A(\ firm -folH) urgrA Ky h ^/p Pr-AvprftC g i rm r\f thr* 

en gineere d v i a the chlor o plast genome to confer herbicide r e sistanc e and th e introduc e d for e ign 
gf i nes Wffrr matm-nally inhmtffd; ovprrnnrinfi t h e problem of out ' Crose with w ee ds ( 8 6) . 

25 <73 , 87> 

a PRELBCNiVRY STUDIES 

A rrrrmrHHr — feature of chloroplast genrtir rnrjinrrring — is — the obsenration of 
30 1 ryrf ptinnally lnrgr arniimnlatirm rvf foreign proteins in transgenic pl a nt s, aG much a s A6% of 
CR.Y prot e in in total soluble protein s even in ble a ched old l e avec (3) . Stable expre ss i o n o f a 
fih^rmnrpntical pr o tein in chl o ropl a ste w a c first r e portod for GVGVP, a protein baeod polymer 
■ w i th var i e d med i ca l a ppl i c a t i ons (cuch a c th e pr e v e ntion of poot purgioal adhooiono and ooarp, 

H^lir^ ^^^rt^o <>T-Kf^io1 p^^nT-^n J firm* mnnnptn.ntinn nirf p » nj j »n«MWA i d flflliw t y 

35 Subs e qu e ntly, expressi o n of th e human som a totr o pin via tho tobaooo chloroplact g e nom e (fl) to 
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i of total oolubl e prot e in) woo oboorvod. Tho following inve s tig a tion s that are in 
p r o gress in t h e D a n i el ! l aboratory illustrate th e pow e r of thic t e chnology to oxpreGc email 
p e ptid e ^ e ntir e op e ronc ; voocin e G that r e quire oligomerio prot e inc with stabl e disulfid e bridges 
*md monoolonalc that r e quir e assembly of h e avy/light chains v i a chaperonin g. 
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20 Engintooring novol pathways via tho ohloroplaot gonomoi In plant and animal ooIId, mioloar 
mPiNAp ar e tranclated mono cic tropica Uy i Thir posec a s e rious problem when engine e ring 
/f multiples gonoo in plontG (91). Ther e fore in order to express the pofyhy d roxytmtyr a te p o lymer o r 
Guy's 13 antibody, singl e g e nes w e re first introduce d into individu a l transgenic plants, then 
■ thooo planto wor e baolt crooned to rooonotituto th e e ntire p a thway or the complete protein (9 2 ,9 3 ) . 

25 Similarly, m a seven yoar long effort, Yo et ol. (SI) recently introduce d a s e t of three gene s f o r a 
■fi tort biocynthetic p a thw a y th a t resulte d in ft - caroteae expres s ion in r i ce , — In contra s t , m os t 
ohl oro plaat gcnoo of higher plonto aro ootransGrib e d (91) . Expre s sion o f p ol yc is trons via the ,, 
ohloroplaot gonomo providoo a unique opportunity to express entire p a thwa}rs in a single 
tronoformation e v e nt. We have rooontly used th e Baoilius thurmgiansis (Bt) cr>flA a 3 operon ao a 

■ gghom e (3)i GryQAol is tho diotal gono of a thre e gon e operon . Th e off immediately upstream of 
« gr>i 3 A a 3 oodec for a putativo ohaporonin that fooilitntoo tho folding of ery2An2 (and o the r 
protoinc) to form proteolytic a lly stabl e cuboid a l crystals (94) . 
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mo, tho \ sry2An2 baotorial o p o r on vroa OK pr caood in tobaooo ohloroplaoto to too t tho 
r emltant tranogonio plonta for inoroaood oxproooion and improved poroiotonoo of th e accumula ted 
^ftse otioidal prot e in(o)^ Stable foroign gono intogration was confirmed by PGR, and South e rn blot - 
analysis in Tj and Tj tranag e nio planto. GrySAan oporon dorivod protoin aooumulatod at 15.3Ki 
5 o f the, total soluble p r oTcin in maturo lcavos and Tomainod otablo ov e n in old bl e ooh e d l a av e o - 
(4lll%)(Flguitf 1). — Tliib is Qio highes t level of foroign gono oxproocion ever reporte d i n- 
' tranagenic p lanta. — Exceedingly diffioult to control inserts (10 day ol d cotton boUwora a, 
beeto f my worm) woro lrillod 100% aftor oonouming transgenic leavee . E kctron microgra phs 
ahow i d tho prep e n s e of th e ins e ctici d al protein folded into cuboidil rryptalg similar in s hapg to 
10 CpAlaJ oryotolo observed in Bacillus thuringiwisis (Figur e 2) . In contract to currently mark e t e d 
tsaafi gonic planto with Golubl e CRY proteins, f o l d e d prot o xin crystals will bp pr o ce ss e d only by - 
t a r get inaooto that have alkaline gut pH; thio approaoh ohould improv e oaf e ty of Bt trancg e nio 
«plantn. AbGenGO of ino e cticidal proteins in transgenic pollen aliminat e o toxicity to non targ e t 
inoootD via pollen. In addition to thoo e e nvironmentally friendly approaches! thic obs e rvation 
15 ' should serv e as a model system for large - scale production of foreign protoino within ohloroplaotfi 
in t folded configuration e nhanoing thoir atabiiity and faoilitating oingle Dtop purification i Thic is 
tho Firot domonotration of oKpreoGion of a bact e rial oporon in transgenic plantc and op e ns th e 
<ioor to ongineer nov e l pathway in planto in a oingl e transformation e v e nt 

20 Egproofllng email pop tides via tho ohloropla s t gono mo ; It is common knowl e dge that the 

■ fui yeaia. Cati e mc antibacterial poptidoo from mammalc, amphibians an d insects haw gainpri 
■ moro attontion ov e r tho loot dooad e (9S)i K e y f e atur e c of thoo e oationic poptideo ore a n e t pooitive 
r hirge, nn nffinity f~r ritgfl+^^y-^ 0 ^ 0 ^ p^iro^fiV mAm^np phnrpinnlipiHc nvpr npntrnl- 
25 ■ charged oukaryotio mombranoo and tho ability to form aggrogatoo that diorupt tho baotorio A 
m e mb r ane (9 6). 

Thoro aro throo major poptidoo with a helic a l s tructure s, cecropin fr o m Hyalaphnra 
ii s&DPopia (giant oillc moth) 3 magainina from jYenopue laaf\ns (African frog) an d d efencinc from 
30 mammalian irrnt^r 11 ^ 1 — Magoinin and its analogues have been stu d i e d ac a broad op e otrom 
i topiril agont; n oyrrtrmir nnt i H"ti w : n ""-"r^ ^ nnlin 2 n+»miiinr . t- nnH nn nnHnnnnnr ngnnt ro7Y Wfl 
hovo rooontly obo e rvod that a aynthotio lytic peptide (MSI 99, 22 amino aoido) oan bo 
ouooooofully onpr e oo e d in tobaooo ohloroplaot (98)i Th e p e ptide ret a in e d its lytic a c tivity agauiGi 
th e phytopothog e nio baotoria P & c t idamonm &yrnngac and multidrug rooictant human patho geny 



WO 01/72959 



252 



PCT/US01/06288- 



aorugi H Oo ai Thf i anti mi c robial p e ptido (AMP) uood in thio otady woo an 
■ amphipathir alph a - helix molecu l e- that has a n affinity for n e gatively ohorgod phospholipids . 
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mmmnnly fmind in th~ miTT m fltwhr,,t,fl ^ ^^ f ^° TT p^ ™ Tntnnt " Hth thaptt maiThr,in ^ 
20 i ndividual poptidoo aggr e gat e to form pores in the membrane, resu l ting in ba aeria l ' lysis , 

BtCaUCg Of thff r-Dnffntmtirn ^p"T^ Q nt or^^r. nf f-h^ AA/TP j \t iuqc avprflrraH iHn th a rhlnrnplirf 

genome to accomplish high doo e deliv e ry at the point of infectioni PCPl produoto and Southom 
hlnfn rnnflrmn d nh l nrnplnnt intrer^n ^ rtia> f ~*^r^ p*™»o q^h ^^^p^^y rfrrmrtVi 
^ dovolopmont of tho tranagonio plonto wqo unaffootod by hypor oxproooion of tho AMP within 
25 - ohloroplaotoi In vitpo Qfloayo with Tp and T { plants confirme d th a t the AMP w a s expre s s e d a t 
feign Lovolo (31.5 to Wv of tho total oohiblo prot e in) and retained biologkrol activity againot 
Ajimufofj/unuj syringa e , a majo r p lant pathogen. In mtu aesaye result e d in intens e are an of . 

neerOCiC . QrOimd thf pr ; ^t ^ ^f~^™ o™-it™1 l^air^ tr^nrfnrmpH l^nrptr rVmnrarl nn 

ei gne of n e orocic (300 800 jig of AMP at th e cit e of irif a ctionXFigurB 3). Ti in vivo osQayo ' 

i nhibition of growth (Figuro 1). Thooo rooultc giv e a new option in the b a ttle againct 

dogmdod in moot organiomo. Ho w wci 1 , liability of thio AMP in ohloroplaotD op e ns \ip this 
>»empartmont for e xproooion of hormonoo and other omall poptidoo . 

35 
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cholera toxin (3 s ubunit oligom e r s as a vaooino in chioropIoBts i Vibrio 
ah&forw, which oau3C3 oouto watery diarrhea by oolonising tho small intoatino and produoing tho 
e ntO F Qtojtin, oholo r a toxin (CT). Cholora toxin io a hoxamorio AB3 protein oonoioting of ono . 
<oxio 271cDa A aubunit having ADP ribooyl tranof e rao e notivity and a nontoxio pontamor of 1 1 .6 
5 * kDu D snbunita (CTD) that binds to the A aubunit and faoilitatoo ito e ntry into tb e intestin al 
'e pith e lial cellGi CTB whon adminiGt e red orally (99) is a potent mucoeal immunogen which c an 
jwiatroligo tho toxioity of the CT holotoxin by provonting it from binding to tho inteotinol oollo 
^100) i Thic io boliovod to b e a rooult of it binding to frnVaryotic cell surfaces \rin thp CrM} 
ganglionidoa, roooptora proaont on tho intoatinal epith e lial ourfao e , thuc ohoiting a muooDal 
10 immun e rooponoo to pnthogona (101) and e nhancing the immune response when chemica l ly 
oouplod to other ontigena (102 - lOS). 



* Cholora toxin (CTB) hao provionoly boon expr e ssed in nuolear tronog e nio plonto at lev e lc 
of 0.01 (leaves) to 0.3% (tube rs ) of the total aohiblo protoincTo in c reac e e xpr e Goion l e v e lc , we 
15 cnginoorod tho ohloroplaot gonomo to oxprooo tho CTB gene (1 6) , W e obcerv e d e xpr e sri^ri it g£ ^ 
oligomorio CTD at levels of 4- 5^ of total solubl e plant prot e in (Figur e 5 A). PGR and Southern j§|| 
Blot analyooo oonfirmod ctablo integration of the CTB gen e into the ohloroplact gen o me 

W&Jtcrii bl o t analyais aji o wcd tha t t r anogonio ohloroplaot oxprooood CTB woo antig e nic ally 

h i: 

'l idontioal to oommoroially available purifiod CTB antigen (Figure 6)* Aloo» Gj^i gangliocid e 

'if f. 

20 binding LUJifiiui thilrihloiuplast aynthcaiEod CTB bindo to the intcatinal mombrano 

pooo p to f of cholera toxin (Figure 5B). Tronogenic tobaooo planto w e r e morphologically 
mdiotinguiohnblo from untranjfoi ' iued planto and tho introduood g e no waa found ^o^bp"Tftabl y 
inh e ri t ed in the 3ubacqucnt gene r ation oa oonfirmod by PCR. and Southern Blot analyqbor Tho 
' incieaaed production of on efficient Uauamucoaal oorrior molooulo and delivery oyotanij liko 

25 CTD, in UiluiupldbU uf planUa makes plant baaed o r al vaocinoa and fusion protoina TOth CTB 
nooding oral administration, a much more foaoibl e approach ^ This also eotablish e G unequivocally 
* that ehl o r o plaata are. capable of forming disulfide bridgoo to ocGombl e for e ign prot e ino . 



■ Expres s ion and assembly of monoclonal in tran s genic chlorop las t s; Dent a l carie s (ravitirs) 
30 i o ' probably tho moot pr e valent diooano of humankindi Colonization of teeth by £ mutans i s the 
single moat importan t r iak factor in the development of dontnl oariooi & mutam io a non motil e^ 
gram pooitivo oooouo. — ft — colonizes tooth surfaces — and — synthooizoa — glucans — (insoluble 
p olysaccharide) and — fruc t ans £im\i sucrose, using frlic — cngymoo gluoooylU'anjfcraao — &ftd> 
f kiotooyltranoforaoo roopootivcly (lOGa). The ghieans play an important rolo by allowing tho 
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dhoro to tho omooth tooth ourfaooo. After ito adh e rence, tho baotorium forinonto 
mcroco and prodnnrtn Inrt i rr v\?i A Tfln ^ n nn ^ ^ ;n,1ftlTmn fVm ^ nnrnln ftff1ip »nn»Vi j p i ml i u ' /m p 

A topioal monoolonal antibody therapy to prev e nt adherence of S , mntan& to tooth hofr 
5 Tooontly been developed. The incidence of oariogQnio baetoria (in humans and animo te^-aitd 

Hf>Tit Q 1 n>>T\t > <i (j™ ^riirnajp) ^yap rifflTA^™ 1 ^' raHiinnH fnr pnrinrln nf np tn twn yruiWi frPLll till 
tteggflti^n Of the antibody thftmpy . , ' H "" frfl flTranfr nmrn rlntmnt-nri ft-ifhrw i'ti thn mrpnnod a i ii i wala 

nr in tnimnn vn l n n trrrn (1 n * u ) n "" 1inl ^t^™™™* fn " +v " n nn *n* n *y tri fVin TTg n1ftWf 

^IIVBnthinlly fmfTfTfffi 1 mrhrf^ »™ Thnr ^ f ^ n nntiVmHy nmn avprannnH nin tVin fthlnrnplnnt 

10 < gononio to achieve higher lovola of oxp r oaoion and proper folding (11). Tho integration of 
Mrtibody gon oo i n tn t h n r hl nrnplnnt c"nnnr T v nn ■ * h y pr " p nr>A rn " fVirtrn Vl1nf nnnlyn i n 

• The cxpicaaion of both Imavy and ligh t chains waa confirmed by woatcrn blot onalyoia undor 
g oduoing oonditiono (Figaro 7 A3). Tho oxproaaion of fully aoGombl e d antibody woo confirmed 
■ fay w e atorn blot analyoio under non reduoing oonditiona (Figure 7C). Thio io tho firot report off 

15 i f ^juiDDDoful aooombly of a multi oubunit human protein in t r onagonio ohloroplnata. Produo t ion o fr 
monoolonal antibodieo at agricultural level ohould roduoo their ooot and or e nt e now applications 
o £ monoclonal antibodioa . 



MUMAN SERUM ALBUMIN 
20 NuLleai U amfomialhm. R&cmfly, Di - .'s Mingo - Cartel group in Spain-(a-Go PI in thio propooal > 

^T n narl V t nmQTi ft fllTM A fr pm hum sr. \U^t ^pIIc ^nH fiicpH thr paMfrn prnmntpr fwhnr a 
ffft q i lll l if, l li l "T (im))-nW g -w*h . »kn i nnrl™ ftnrpiftnno . of PTN TT fprotoinano II 

in hibitor p otato tronoit poptido that dirooto RSA to tho apoplaot (108)). Loaf diooo of Deoiroo and 
Konnoboo potato planto wore tranoformod uoing Agrobaotcrium tumefacicn&. A total of 9 8 

25 Umu&uiic Duiinx clonca and 30 Kcnnoboo clonoa wo r o tooted by PCR and w e ct e rn bloftx 
Wcatuu bi o ta ahowod that tho recombinant albumin (rllSA) had boon properly cl e aved by the 
protoinaoo II inhibitor tranoit peptid e (Figuro 8). Exproooion l e vola of both oultivaro woro very 
different among all tranflgonio olon e o ao oxp e ot e d (Figuro 9), probably b e oauo e of position effects 
and gono oilonoing ( 8 9.90). Tho population dintribution won oimilor in both oultivaro: majority of 

30 U ' Biij&uiic. d o nea ohowed oxproaaion lovola botw e on 0.01 and 0.06% of rHSA in th e total colubl e 
« prot e ini The maximum r e combinant HSA amount oxprooaod woo 0.2%, Botwoon ono and fivo T ' 
■ DNA inaortiono por totraploid gonomo woro obo e rv e d in thooo olon e ci Planto with higher protein 
" ort pr ogoion woro alwayo olonoo with oovoral oopioo of tho IISA gono. Lovolo of mRNA woro 
anal y sed by Northern bloto. Thoro woo a oorr e l a tion botwoon tr n n n nript lov e lc and recombin a nt 

35 albumin accumulation in tranflgonio tuboro. Th e N torminal aoquonoo ohowod proper olecvago of ' 
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* V A fV|^ t^rmiTlill U^+nr^r* rp^nrnKitimt anH VinTnnn R<5 A unr 

i d e ntical . Inhibition of patatin e xpr e ssion ucing th e ontioenoe technology did not improve th e 
amount of rHSA. Avorago oxprcaaion lovol among 20 tranogonio plunto waa 0.032% of total - 
« <olublo protein, with a maximum expression o f Q .l ftfo . 

5 

Chloroplost transformation! Wo havo also initiat e d transformation of the toba c co shlorop las t 
genom e for h^rperexpreecion of HSA . The codon composition is ideal for chloroplaot expr e ssion 
and no changes in nucleotide s e quences w e re nec e ssary (s ee s e ction d.3) . For all the constructs 
pLD vootor wao uood (ooo doooription in oootion d.1)i Wo doaign e d oov e ral v e otoro to optimis e 

10 JJg A avpronn^n All ^a^o ^nfnin ATfi ft p +hr» firrt nmir>n nmrf nf fhn tnntiirn puntntm 

* 4 teBS ATC HSA ; Tho firat vootor inoludoo tho gono that oodoo for tho maturo HSA pluo an ' 
additional ATG as a translation initiation oodon. Wo included tho ATG in ono of tho primoro of 
Hho PCPl, 5 nuol e otid e o downotroam of tho ohloroplaat preferred RES ooquonoo GGAGG. Th e 
15 s DNA sequence of the maturo HSA (cloned in Dr. Mingo Cart e l's laboratory) was used as a 
» tomplato. Tho PCR product waa cloned into PGR 2.1 vootor, oxoiacd aa an EcoRI NotI fragment 
and introduood into the pLD vootor. 

2 — S 'UTRpabA - ATG ' HSA ; Tho 200 bp tobaooo ohloroplaat DNA fragmont containing tho 5 * 
psbA UTR (untranslated region; aoo aootion d.3) was amplifiod using PCR and tobaooo DNA aa 

20 te mplat e. The fragm e nt was cloned into PGR 3.1 v e ctor, e xoio e d EooRI Nool fragm e nt wao 
ins e rt e d at th e Nool oit e of tho ATG HSA and finally inaortcd into the pLD vecto r as an EcoRI - 
■ Notl fragment downstr e am of the 16S rRNA promoter to e nhance translation of the prote i n , 

3 — B* OftFl+ 3.. ATG - HSA ; ORF1 and ORF2 of the Bt Cry2Aa3 operon (se e c e ction c and di3> 
woro amplifiod in a PCR ucing th e compl e t e operon ac a templ a te . Th e fr a gment was cloned into . 

25 ' PGR 2.1 vector, ojcoiood no on BooRI EooRV fragniont, inserted at BooRV oito with tho ATQ 
HSA sequence and introduood into tho pLD vootor aa on EooRI NotI fragment. Tho ORF1 and 
- QRT2 we r e fused u p atroom of tho ATG HSA . 

Because of th e similarity of protoin synthetic machinery (109), oxpropoion of al) 
30 ohloroplast v e otorc was firot t e ot e d in E.coli b e for e th e ir use in tobaooo transformation. Difforont 
lovolo of expr e ssion w e r e obtoinod in E. eoli dep e nding on th e construct (Figur e 10). Using the 
pobA 5' UTR and the QRF1 and QRF2 of tho ory3Aa2 operon, wo obtained highor lovolo of 
oKpropoion than ucing onty th e RBSi Wo hav e obs e rv e d in previoup e xporimonto that HSA in M. 
voii io compl e t e ly insolubl e (ao is ohown in r e f lfl) 5 probably du e to an improper folding r e sulting 
35 ' from tho aboonoo of dioulfldo bondo. This ig tho roaoon why tho protoin io prcoipitatod in tho gol 
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' ifforont polypoptido oigoo woro oboorvod, probably duo to inoomploto tronolntioni 

ADCUming that E. cell and ?h w T 1ttr,t ™"" 1rir p™ tf "" nimthnnin mnnh i nniTy nno oftulri oimoot 

diflcmil kvcto of ox p roaoion in tranogonio tobaooo ohloroplaoto d e pending on th e regulatory 
■ ooquonooo, with tho advantago that dioulfid e bondc ar e form e d in chloroplaotD (0). Thooo threo 
5 vootoro woro bombardod into tobacco loav a o via particlo bombardment (110) and aft e r A w ee ks 

- Omall 3hOOt3 appOarod VLB Q result rf ^"p""^™"* tmnrfr r n ntinn mmntr rhnrnntftri-rntinn nf thnno 

nranoformantp io in progr e cc , Progrccc report will bo providod wh e n the panel meet s.. 
INTERFERON ce5 

10 ^ Interferon a5 hao not boon e Kprooood yot ao a oommoroiol r ecombinant pfotoin. Tho firofr 

attempt hao b e en mado recently in Prioto'o laboratory. Tho IFN ot5 gono wao olonod and tho 
poquonoo of the mntitre prrtrtr ; " nftrtnH intn pTTTny » W th e . A TO . 

hiotidino tag for purifioation and thrombin oloavago ooquonooo, Tho tagged IFN a5 wao purified 
* firot by binding to a niolcel column and biotinylated thrombin wac then used to eliminate the tag 

15 ffn TFM-CT^. BbtinylfltH ™'* c rpmr)1fpH frnTTI thp> prrpnntinn l ining ntrnptnvidin niraroaa. 

T« ho onproooion level was 5.6 miorogramc per liter of broth culture and the recombin a nt prote i n 
*iyqc activo in antiviral ^rtivity ™ higher th^n mmmprri^l TFNT,^? fTntrnn A Srhrrinn 

"PluuLh). 

20 W0ULP ( ■ LDCE GROWTH FACTOR4 (IGF-I) 

Recent atudioo in Frioto'o laboratory hav e demonotrated that treatm e nt with low doseo o£ 
IGF I induced significant improv e m e nts in nutritional otatuc (53% int e stinal aboorption (53 55% 
o ot e oponia (56), hypogonadiGm (57) and liver function (58) in rate with BKporim e ntal liv e r 
s irrhcoio. ThoG B data Gupport that IGF I deficiency plays a pathogonio rolo in Gev e ral oyot e mio 

25 ^omplifTrtkMIS O^H'irnnQ ™ ISwr n;rrVmcic r\\r\\ra) gtiirKpc arp in prnprerr tn -arrprtnin the rnle nf . 

H0r4 ill tin uifliiagcmmt of cirrhotic pationto. Unpubliohod otudioo indioato that IGF I could also 
be uc e d in pati e nts with articular degenerative disease (ost e oarthritiG)i 

d.' RESEARCH DESIGN AND METHODS 

30 d.l Emlaation " f ^ ~p1~o+ g<>»«> ^p^ gc in«. A cyvtmrtin qpprnnrh tn iriPlltiflf nrd 

ovoroomo potontial limitationo of foreign g e no oxpr e coion in ohloroplaoto of tranogonio planto io 
QQoontinl. Informatteft — gained — in thio Gtudy chould — inoroaoo tho utility of ohloroplaot 

tnincformntion nyrt^m Yy nrrntf^ *^t m r^A ir. ^pr^rrinp ntVmr fnrftirm prntninn . Th ft r a fnr a . it . 

ic important to systematically analys e transcription^ RNA abundance, RNA otability^ rat e of 
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■ > f tho introduood HSA gono will bo oompared with tho highly expr e eoing 
oadogonous ohloroploot gonoo (rboL, pobA^ 16S rRNA)» using run on transcription assure to 
ijofcormin e if th e 16SrRNA promot e r ic op e rating ac exp e cted . Transgenic chloropl a ct containing 
eooh of rhn xhrv\n rnnnrnmn vri^ ™^™ir fn™ pi-giimm^ry rtnrW in rani-inn nrill he 

5 investigated to teat thoir tranooription offioionoy. Similarly, tmnogono RNA lov e lo will be 
monitorod by north e rns, dot blots and prim e r e xt e nsion r e lative to endogenous rbcL , 16S rRNA 
or pobA. Thos e r e Gulto along with run on tranooription acsayo should provide valuable 

i information Of PJNA Ftnhl'Vtyj p™™^*^ nir ^fh mirjtnnt Airpnnnnnf> in mrprnnninn nf n e voral 

fo g oign gonoo, UNA appooro to bo oxtromoly otablo baood on northern blot anolyaio. Howovog, q 
10 syatomatiQ atudy would bo valuablo to advanoo utility of thio pyotom by oth e r ooi e nticts . Moct 
imp o rtantly, the offioionoy of tranalotion will bo tootod in ioolatod ohloroplaoto and oompar e d 
» with tho highly tronolatod ohloroploot protoin (pobA). Puloo ohaoo OKporimonto would holp nooooo ' 
< if tranolational pausing^ pr e matur e t e rmination ooouro. Evaluation of poroont RNA load e d on * 

polyCOmCT Crr in COn fit" ^ ""^ " r w " t1lnnt ^TTTT? r iTrnnlrf Vmlp rUtwrmin ft th « a ffini a ncv of th e 

15. ribooome binding oito and 5' stcm - loop tranri a tional onhancsrs , Codon optimized gene s (IGE-I, 
EPrQ vn ill also be compared with unmodifiod g e neo to inv e stigate the rate of transl a ti on, pau si ng 
and termination. In our r e o e nt OJtp e rionco, w e obcorvod a 200 fold diff e r e noo in accumulation of 
' fo r eign protoina duo to dooroaooo in protoolyoio oonforr e d by a putative ohapffronin 
Thoroforo, protoino from constructs e xpr e scing or not e xpressing th e put a tiv e chap e r o nin (w i th o r 

20 without QRT1 i 2) should provido valuablo information on protoin stability. Thuo, all of thio 
t hfoimati o n will be used to improve the next generation of chloroplaat vectors. Tho PI hao 
< w rtonoiv e exp e ri e nc e in analyeic of chloropl a ct gene espieEciont 

d.3 Ewpr eaoion of tho mature protoin t H S A. Int e rf e ron and IGF I ar e pr e . proteins that nee d t o 

25 bo pleaded to COUretg mitlirg prftfrrT TVta ™^nr> for fmnrlntinn imHnrinn ir in thn prar a rpiflnrg 

* In ohloroplaoto, tho noooooity of oxpr e ooing th e maturo protoin would introduce thio additional 
a mino acid in coding sequ e nced In order to optimise e xpr e ssion levels, wo will firot subclone the 
a e quonce of th e mature proteins beginning with an ATG. Subsoquont immunologiool aosayq in 
■ rnio e will b e done with thos e protoino to investigate if the e xtra m e thionin e can oauo e 
30 immunogenic response or low bio a ctivity . Altern a tively , we w i ll d evelop s y s tems to produce the^ 
maturo protoin. Thoco eyfltomo oan inolud e the B3aitheGis of a protein fused to a peptide that is 
<4oavod intraoollulory (proooosod) by ohloroplast e naymoo or tho uoo of oh e mioal or ongyra a&e 
oAoavago after partial purification of protoino from plant polls. " 
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■i s that oro cleaved in ohloroplaot i Staub ot dL (9) reported ohloroplaot ojcpreoDion - 
of human oomatotropin oimilar to tho nativo human protoin by uoing ubiquitih fuoiono that we se 
elcavid in tho stroma by an ubiquitin protoaoo. Howovor, th e proc e ssing effi c iency r a nge d fr o m 
■ 30 - 80% and tho oloavago aito wag not aoourato. In ordor to proc e ss c hloropl as t expressed proteins 
5 « a poptido whioh io ol e avod in tho otromo io e ooontial. Tho transit p e ptide sequence of thfl 
RuBiaCo (ribuloo e 1^5 biophoGphnt e carboxylas e ) Dmall oubunit would b e an ideal choice . This* 
t ransit p e ptide hac been studied in depth (1 11) . FluBidCq ic on e of the prot e ins that if fjmtheeia&d 
m c^ft o plagm and transporte d pofitranfil a tionaUy into th e ohloroplaot in an e nergy dopondont 
■ p r ooooo, Tho tranoit poptido io protoolytioally romovod upon trancport in the otrom a by the 

10 otirorrnl prnr r rginrj pfTtifi^r Q (117) Th Qya nnr nQtra ml nf^v"n rtr>r ^ nnnr;tl ^ fnr fl, "' Ff ' Qt ' nT1t n p nmr ^ 
■ (113). A tranoit poptido oonoonouo poquonoo for tho RuBioCo omall oubunit of vaooular plantc ic 
«p ubliahod by Koogotra ot al. (111). Tho amino aoido that aro pro?rimal to tho C t e rminal (41 5 3} 
oro highly oonoorv e d in tho highor plant trarioit G e quono e o and b e long to the domain which i» 
involved in e nssymatio ol e avago (111). ThoRnBioCo amall aubunit tronait poptido hao boon fuood * 

15 with various marker proteins (11^115)^ even with animal prot e ins (116 J 17)) to target proteins 
to tho ohloroploat. Prior to tranoformation otudioo, tho oloavago offioionoy and aoouraoy will bo* 
t ooted by in vifro tranolation of tho fusion pTotoinp and in Qpg&nollo import Gtudiec nm'ng intact 
o hloroplaato. Qnoo wo know tho oorroot fuaion ooquonoo for producing tho matur e prot e in^ ouch' 
« ooquonoo onooding tho amino torminal portion of tobaooo ohloroplaot tranoit peptid e will bo 

20 » linlccd with tho maturo ooquonoo of oaoh protein. Codon composition of tho tobaooo RuBioC e- 
S mall oubunit tranoit peptid e appoaro to bo oompatiblo with ohloroploat optimal tranolation (oo » 
sect i on d3 an d tahk 1 on page 3Q) . Addition a l transit p e ptid e s e qu e nces for targeting and - 
oloavago in tho ohloroplaot havo boon doooribod (111). If wo found that th e RuBicCo em a il 
aubunit tranoit poptido io not ouitabl e ^ othor tranoit poptidoo with oloavago in otroma will b e 

25 afadied. Tho lumon of thylolcoido oould bo a g ood target booauao thylalcoida oro oaoy to purify. It 
ic r e lativoly e aoy to froo lum e nal protoino oithor by oonioation o r wi t h a very lew triton XI 00 
e onoontration. How e v e r, thio may require inoortion of additional amino aoid oequenooo for 
offioiant import (111) . 

30 U s e of chemical or onaymatic oloavago a Tho otratogy of facing a prot e in to a tag with affinity 
fe r a certain ligand haa boon uaod oxtonoivoly for moro than a dooado to onablo affinity 
p u r ification of rooombinant produoto (118 120). A vaat number of oloavago mothodo, both 
ohomioal and e ngyjn a tic , h a ve b ee n inv e stig a ted fnr thin purpos e (130) , Ch e mic a l cl ea v a g e 
■ mothodo hav e low sp e cificity and th e relatively p a rch cl e avago oonditiono oon r e oult in chomioal 

35 modifi ca tions of th e rel ea s e d produoto (iaO)i S om e of tho ongymatio mothodo off e r cignifioontly 
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■ s o p ooifioitioo togothor with high offioionoy s e , g . H64A cubti l irir i j TgA prntftasn 
and faotor Xa (1 but th e o e erar/moo havo tho drawback of b e ing quite e xp e nsive 

■ Tiypain, ' which cleaves C toruiinol of booio amino aoid residu e s hnc b^en used f o r a Iflng 
4a mo to oloav e fuoion protflino (14,121). Doopito oxpootod low opooifioity, trypoin hno boon ohown 
5 "t o bo uooful for apooifio oloavago of fuoion protoino, LBaving baoio rooiduoo within folded protein 
dciinaiiiA imelcavagcd (121). Tho uoo of trypoin only r e quir e s th a t the N - tirrminm of thf maturr. 
■ prot e in b e aoooooibl e to th e prote a se and that th e potential intern a l cites are protected in tae i 
< nativo conformation. Trypoin hdo tho additional advantage of boing inoicponoivo and r e adily 
■ available. In tho oaao of HSA, wh e n it wac e xpr e ss e d in E , oeii w i th 6 a ddi tional rnrirms mrting 
10 ' fui a Uypsin cleavage ate, USA woo proooaood ouooooofully into tho matur e prot e in after 
jr catmont with tho protoooo. In addition) th e N t e rminal o e qu e ne e w a c found to bff unique nnd 
4domioal to tho aoquonoo of natural HSA, tho oonvoroion woe complet e and no d egra d a tion 
p roduota woro oboorvod (14). Thio in vifro maturation io o e lootiv e booauao oorr e ctly fold e d 
■a lbumin i s highly resi s tant to tryp s in c le a v a ge at inner sites (1 4 ) , This s ystem could be tested for * 
15 clil o foploata HSA vootorp using protein expre s sed i n i f . coli . 

S taub ot aL (9) domonotrat e d that th e chloroplast m e thionine aminc i prpririasr is pr i tivr find 
t hoy found 95% of r e moval of the first m e thionine of an ATG - comatotropin protein that wac 

s ttiu palluii o f cleavage by this peptidase (122). Mothionino io only remov e d wh e n second 
20 resi d ues arc glycine, alanine, serine, cysteine, throonino 3 proline or valine, but if tho third ornia e 
acid io proline tho oloavag e io inhibitod. In tho oxpr e ooion of our thro e protoino wo oould UG e thio 
appro a ch to obt a in the m a tur e protein in the ease of Interferon b e caus e the penultimat e 

nmirrTrrt r "yr^" f™1t*v.™wi l»y ^po^. FT/vr TTQ A flip, p^nn^ Qrn^rimr^H ir irpnrHr qpiH 

and for IGF I glyoin e but it io followed by prolin e ) do the ol e ovago may not bo poooibl e . 
25 Tm IGF ' I cxpi - eflaion, tho uoo of tho TEV protoooo (Giboo oat n 10137 017) would b e 

■ idutl. The cleavage s ite that ia f ooognieod for thio protoaoo io Glu Aon Lou Tyr Pho Gin Gly and^ 
» it onto botwoon Gin Gly. Thio strategy would allow th e rele a se of the mature pr o te i n by 
incubation with TEV prot e aoo loaving a glyoine ao tho firot amino aoid oonoiotcnt with human 
■■giatprc IGF I protein . 

30 . In the E , gqIi Interferon - □ 5 expre ss ion method de veloped in Dr . Prieto's laboratory ( s ee 

• ao e tioB C), tho purifioation oyotom wao bas e d on 6 Hietidine - t a gs that bind to a n i ckel column 
■a nd biotinylat a d thrombin to eliminato tho tag on IFN PS. Thrombin rooognigos Lou Val Pro - 
log Gly Sor and cuto botwoon Arg and Gly . This would l e av e two extra amino anrlt in the 
mature protei n, but antiviral a c tivity ctudi e u haw bisrga d ono (showing that thio protoin io at loaot 

35 » ao aotivo ao oommeroial IFN D2 (unpublishod data in Dr. Pricto'9 laboratory ). 
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d. ? OprimiTdtion of gone cxproccioDi Wo havo roportod that for e ign gonoo aro oiEpraoo e d 
b e tw ee n 3% (arytfAeS) and <Y1% {oryQAal oporon) in tronogonio ohloroplaoto (3,85). Baood on 
■ <h »i ontoomo of tho ovnluation of HSA ohloroplaot tmnogenio planta, Govoral opproaoh e o will b e 
5 uaod to onhonoo tronolation of the rooornbinant proteins. In ohloroplaoto, tranoariptionol ' 
regulation of g e n e ojeproooion io l e oo important, although oomo modulationo by light and * 
dovoloprnontal oonditiono aro obaorvod (123). RNA atability appca r a to ho ono among tho loaot 
p r o b l ems becau s e o f o b s ervati o n o f exce ssi ve accumulat io n of foreign transcripts, ?t tirrips 
* 4 e ~, Q 66 fold higher than the highly cx pr ooaing nucl e ar tronogonio planto (I2<\)i Chloroplaot gono 

10 ett pr e ocion ic regu la te d t o a l arge e x te n t at the po s t - transcription a l l e v e l , For ex a mp l e , 5 * UTR ft. 
are nece ss ary for optim a l tr a nsl a tion of ohloroplaot mRNAo i Shino Dalgarno (GGAGG) 
c a qu e ncec a c well ac a st e m - l oop structure located 5* adjaoont to tho SB ooquonoo aro roquired 
■ for offioiont tranalation. — A rooont atudy hao ohown that inoertion of tho p abA 5' UTR 
downfitroam of tho 16S rRNA promoter rnrianrirri translation of a foreign gene (GUS) hundre d* 

15 « fold (125a). Therefore, tho 300 bp tobaooo ohloroplaot DNA fragm e nt (1680 1480) containing 
S ? - pabA UTR will bo uaod. Thia PGR produot will bo inoortod downotroam of tho 16S rRNA 
pr omoter to onhonoo tranolation of th e recombinant proteina 

Vot anothor approaoh for enhnnoement of translation would b e to Qprimi7P corinn 
■ compooitionci Sino e all th e thr e o proteino aro tranolatod in E. coli (soo section b), it would be 

20 j oaoonablo to oxp e ot e ffioi e nt e xpression — in chloroplactc , — How e v e rj optimfTing morion 
Op m p ositiona to motoh tho pobA g e n e could further e nhanc e th e l e v e l of translation! Although 
g froL (PLuBicCO) ic th e most abund a nt protein on earth, it is not translated a e highly as the p sbA 
g e n e du e to th e e xtr e m e ly high turnover of th e pcbA g e n e product — Tho pGbA gono io undor 
s trong e r s e l e ction for incre as e d tran s l a t io n efficiency an d is the most a bund a nt thylakoid protein . 

25 In addition, tho oodon uoago in high e r plant ohloroplacts ic bias e d towardc the NNC e o d on o f 3 * 
Aid deg e n e r a t e groups (i .e. TTC over TTT a GAG ov e r GAT, CAC ov e r CAT , AAC ov e r AA1P , 
ATG uvu ATT, ATA e t c). This is in addition to a atrong bias towards T at third pooition of A 
fo ld dogonorato groupo. Ther e io aloo a oontext eff e ot that ohould b e tak e n into oonoidoration 
* Whilp modifying op e cifio oodonD. — Th e 2 fold deg e n e rate fiit e o imm e diately upstream from a < 

30 <SNN oodon do not show thio biao townrdo NNC. (TTT GGA io proforrod to TTC GGA whilo 
TTC CGT io proforrod to TTT CGT, TTC ACT to TTT AGT and TTC TGT to TTT 
TCT)(135b ? ia6)i In addition^ highly e xpr o oo e d caloropl as t g e n e s v i se GNM m o re frequently that 
» ether genec. The web cite http;//www Hraiffa nr,ip/codon will be uced to optirrmpi codnn 
onmpnsitinn hy ccrcnpflring different sp ec i e c A bundano e of amino aoido in ohloroplaotp and 

35 y [RNA an t i& o dena pg casnfc in ohl o roplaot will b e takon into oonoid e ration . W e alco rramparedi 
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: ■ of all foroign gonoo that had boon onprooood in tranogonio ohloroplaotc in oup 
- laboratory with th e percentage of ohloroplact e Kpr e ooion. W e found that high e r l e v c lo of A^N E* 
alwcya oorrolQtod with high oKproooion lovoto (ooo tablo 1 on pago 30). It io aloo poooiblo to 
■ modify ohloroplaot protoaoo r e oognition oiteo whil e modifying oodono, without aff e oting th e ir 
5 biological fimrtinn? . 

Tho ctudy of the coquonoQO of HSA, IGF I and Interferon D5 wao dono. Tho USA 

taa nolat e d codonc . According to th e data of tabl e 1 8 we ehoald expe c t good chlor o pl as t . 
oyg p r cg a ion of tho USA gono without any modifioationo in ito oodon oompooition ! IFN D5 -has 

10 S fliftu of A + T cont e nt and 40% of mat c hing with pcbA codonon The compooition s ee ms to b e good 
frnt thir protein ie email (166 amino noido) and it would b e e aoy to optimis e th e o e queno e to 
a chi e ve A+T levelB c lose to 6 5 % . Fin a lly f th e analycic of tho IGF I o e qu e noo ohowod that tho 
A +T content was 4 Q?/o and only 30% of th e codons are the moot translat e d in pobAi Th e r e for e ) 
i fhic gen® needs to bo optimised , Optimisation of th e o e two g e n e o will b e done uoing a nov e l PGR 

15 approach (1 2 7 , 1 2 8) which has been s ucce ss f u lly u s ed in our l a boratory to o pt imi se codon 
caiiipooition of other human proteins . 

(L 4 Vector construction s i For all tho conotruoto pLD vootor will bo uood. Thio vootor wao 
d eveloped in thia laboratory for ohloroplaot tronofonnation. It contains tho 1 6S rRNA promoter 

20 (Prrn) driving the se l ectable m a rker gene aadA (n m in o gly c osid e ad e nyl troncf e rac e oonf e rring 
rtGictance to Epectinomycin) followed by the 3 1 region (the terminator from a genr rnriing 
for photooyctem II r e action center c omponents) from th e tobacco chloroplaGt g e nom e i Th e pLD 
s e ctor ic a universal chloropla s t espreeeion /integration ve c tor and can b e used to trans form 
ehl o r o plaat gen o me s- of oovoral othor plant opooioo (73j86) beoauoo thooo flanking Gequences a re 

25 highly o one e w e d among high e r plante . Th e univ e rcal v e ctor us e e tmA and tnd g e n e o 
■ feliloioplaa t transfe r RNAa coding for Alanine) and Ioolouoin e ) from tho invort e d repe a t region o f 
t ho tobaooo ohloroplaot gonomo ao flanking ooquonooo for homologouo recombination. Booauoc 
t h e ulllveibfcll VdCLOf liitbgi aiu foreign gene s w i thin thr Inv e rted Repeat region of the ohloroplap * 
gm e me, it ohould double tho oopy numb e r of the traneg e ne (from 50QQ to 10,000 copie s per ce ll 

30 i n tpVmrrc o ) . Furtherm o re a i t ha s bern d emonctratrd that homopl as my is a chieved eve n in the fir s t 
pound of c e l e otion in tobaoco probably b e oauc e of tho prooonoo of a ohloroplaot origin of 
Implication within tho flanldng ooquono e in th e univ e rcal v ec tor (th e reby pmtririing mom 
templotoo for int e gration) ■ B e oauo e of theo e and o e v e ral othor reaoono; foroign gen e expr e cGioa 
« wao ohown to b e muoh highor wh e n th e univ e rc al vector wao uo e d inote a d of tho tohfflftf c sp?? i fic 

35 vootor (88). 
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Wo will docign th e follo^ving vootoro to optimise protoin o?rpr e aoion, purifioation and production 
-rrf pTntninr Tnth th~ rim a imin^ tH'I ^TMiprrhirrr t h m, n q r p^^°- 

5 « a) In order to optimize expreccion we will incr e as e translation ucing the psbA 5*UTR (se a 
* oootion d.3) and optimizing th e codon composition for protein e xpression in ri al oroplasfs 
pooording to oritoria diooupoed in o e otion di3 ■ Th e 300 bp tobacco chloropl as t DN A fragment 

r r nntaining S'.pg hA TTTR will hr> Q tr>plif^H PH? ncnrtfl f^Kn^r> ^hlnrnplnrt FfcXT A Qf> 

template. Thio fragmont will bo olonod dirootly in tho pLD vootor multiplo Honing Fife 
10 *(E e oFJ N c ol) d ownctrftain of th e promot e r a nd th e aadA g e n e. Th e olon e d Gequ e ne e v . dn be 
exnrtly the same as i n the pcbA g e n e. 

b) for enhancing protein — stability a nd — f a cilit a ting purification , — the ary2Aa2 Bacillus 
i liuritigieiisis operon d erive d putative ch a peronin will be used . Expre s sion of the Gry$Aa2 

15 o poron in ohloroplaotG provides a model s y s tem f o r hyper - expre ssi o n o f fore i gn protrins 

^16fru of total oolublo protoin) in a foldod oonfiguration onhanoing thoir otability and 

facilitat i ng purification (3) Thic jncrifip>o mMiicinn nf tVm pntnthrn rrVinpflrnniTi from thr> 

c ty2Au2 upeiun in o ne of the newly designed oonotruoto. In thio rogion th e r e ar e two open 
cooding frameo (OBJl and QRF2) and a ribooomal binding oito (rbo)i Thio ooquonoo oontains 

20 e lomonto n e o e ooary for Ciy2Aa2 oryptalliisation whioh may help to aryBtalligo tho HSA, IGF I 

and ITN - D proteins aiding hi tho pubo e qu e nt purification! Succeccful cryst a lliz a tion of other 
pre toino uoing this jjuLUiVL LhcipUuniu hao boon domonotratod (94). Wo will amplify tho 
SUFI and OHFjI o f Qjl Dt Qy2Au2 upcron by PGR uoing tho oomploto oporon ao temp late. 
Tho fragmont will bo olonod into a PGR 2A v e otor and OKoiood ao an EooRI EooRV produot . 

25 — « yhic fr a gm e nt will be cloned direct l y into the pLD vector multiple cloning sit e (EcoRL 
■ EeciRV) downaliuiiii of tho promoter and the aa dA ge ae. 

c) 1 To obtain protoino with tho aomo amino aoid oompooition ao maturo human protoino, wo will 

firat fuao all thr ee g e n e o (oodon optimis e d and native Eloqu e nc e ) with th e RuBisCo email 
30 subunit transit peptid e. Also other con s tru c tion s will b e done to Tillmv rln a v a ge of the protein 

aftor iaolation from ohloroplaot (ooe o e otion di3)i Th e c e Gtrat e gieG would aloo allow affinity 
fmrifiotttion of the proftsiinfi . 

Tho fitfflt oot of oonatruota will include the, sequence of each pjoitin beginning with an ATG , 
35 i ntro d uce d by PCff . ucing pcirnoro i Qnoo wo aohiov e optimal dep r ession lovolo, and if tho ATG ia 
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■ Moblom (dotuiininod by mioo imiiimiologiQQl acooyc) t proooooing to got th e matur e 
protoin will bo addroaood, Tho firot attempt will be the uso of tho RaDijCo amall jubuni t transit 
■ poptido. Thio tranoit poptido will bo amplifiod by PGR ufling tobaooo DNA ao templat e and 
olonod into tho PGR ^ 1 vootor. All gonoo will bo fuood with tho tranait poptida ufling a Mini 
5 *ootriotion oit e that will bo introduood in tho PGR- primora for amplifioation of tho tranoii poptido 
md g°n Q f "Ming ^ r *t pr^ t ^ 1 ' r>r TVlQ g™ ft ftirinr>r " n ' ti ha mnnrfiaH inrn tha pTjD v e otnn? 
downotr e am of tho 5'UTR or ORFlH-a uoing tho r e otriotion oitoa Nool and EooRV roopootiv e lyi I P 

lite of tflgE ?T prOtfflE" "^ITI^n™ 0 jp nflfffl " nn 7j ™ nh nnrpiflnnnn urill hn intrnrinnod hy d e nipning 
prim^rr rrr 1 "^"^ ti,oe» ^ian^c anH at^pl^nng th* ^Pnft nHth PPT? After rnmplfftinp vrrtnr 
10 e onotruqtionc s all th e vect o rs will b e s cquonood to oonfirm oorr e ot nucl e oti d e Beqnenffe an d in 
■ fromo fuoion i DMA c e quencing will bo dono uoing a P e rlrin Elm e r ART prima 373 U NA 
aoquon e ing oyotom . 




0 _ ' emm i C l l OA. i orurnu 

25 - — native or oodon optiminod Pnrifirrnt i nn tn 0 

iftlil |ii ii* in nnqnnnwn 

OLLdu&L uf the simila r ity of p rotoin oynthotio mQohinory (109)) expre ss ion o f al l 

°hlnmphfft "»^t"TT HT 1 K " f r* ™ F rWV h^r,i-« thmr nra in tntinnrm i ifi ntinTi Fn* 

30 Eechoriohia ooli e xpression XL 1 Blu e drain will b e uo e di Ei ooli will be transformed b y 
st andard CaCU transformation prooedur e o and grown in TB oulture m e dia . Purification , 
■ biologioal and immunogenio aooayo will bo dono ucing E t ooli e xprooGod prot e inG . 



35 



d.5 go mba r dmontj Regeneration and Gharaetoriaation of Chloroplaot Transg e ni c Plants : 
Tobaooo {N i ooiiana t a baoum van Potit Havana) plstfttc will b e grown ac e ptically by genninafo ft 
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SO medium. Thio modium oontnino MS potto (1.3 g/litor), B5 vitamin mixture 
HC1, 1 mgflitor^ ouorooo (30 g/lit e r) and phytagar (6 g/liter) at pH 5 . 8 . Fully expan d e d , AurY 

5 LftflY^E b a pl or>oH qHov4q1 eirla np nn *a Whatman "NTrk 1 filter pgpfr laying rm the, 

flMOP modium (70) in atandard potri platog (100x15 mm) for bombardm e nt Gold (0.6 urn) 
n uGroprojectil e c will be coated with placmid DMA (ohloroplaot v e ctors) and bombardments will 
bo oarriod out with tho biolictio dovioo PDSIOOO/Ho (Bio Rod) ao doooribed by Danioll (110) . 
Fcllnving b~m w ^rrm^ p*»+" pUw itmH v>, ^nnn-rrrrfnnitii pnmfMm *mH innihitftrl lti°r nnrion 
10 13 h p hotoporiod. Two dayo after bombardment, l e avoo will be choppe d into s mal l p i ece s of Vi 

mm 2 iTl fTir i ~ TiTlfl plnr^ A" fVwa mn^inm nnntnininn ^fin fip/m1 nf rprin-ririrmrvtrmn 

dmydroohlorido) with abaxial oido touobing tho modium in doop (100k25 mm) potri platoa ( 10 
■ yi e o e c p g r pl a t s ) . Th e r e g e n e rated opootinomyoin roaiotant ohooto will bo ohoppod into ornaH 
pioooo ( ■ Bmm 2 ) and oubolon e d into frooh doop p e tri platoo ( ■ 5 pioo e G p e r plat e ) c ontaining th e 
15 oamo o e lootion modium. Ropiotant ohooto from tho oooond culture oyolo will bo transfer r ed to the 
footing modium (MSQ modium oupplomomod with IBA, 1 mg/liter and cpectinomyrin 
* dihydroohl or idc, 500 mg/litor). — Rootod p lants will bo tmnafcFrod to ooil and grown at 36°C 
uiidor 16 hour photoporiod condition s f o r further analysi s. 

20 3CR onalyois of putative tranoformanto! PCR will bo dono uoing DNA ioolatod from oontrol 
«md trancg e nic plants in order to dictinguich a) true chloroplaet trancform a nts from mut a nt s and , 
■ b) ehlo f oploat Umiafuiiuanto from nuoloor L i ' mioformonta. Primora for tooting tho pr e oonoo of the 
aadA g e n e (that conf a rc epectinom^rcin rooiatanc e ) in tranogonio planta will bo landed on tho ' 
aadA coding o e quenoo and 16S rRNA g e no. In ordor to toot ohloroplaat intogmtion of tho gonoa , 
25 one primor will land on tho aadA gone whilo another will land on tho native ohloroplaat g e nome . 
Nu PCR produc t will bo obtained with nuoloar tranogonio planta uoing thio Dot of primeroi Th e 
. primer set w ill be used to te s t integr a tion of the entir e gono oacpotto without any int e rnal doiotion 
o r looping out during homologouo rooombination i Similar otrotogy hop b ee n uo e d ouooooo fully by 

30 olmainato mutanto and nuoloar tranoformanto. In ordor to oonduot PCR annlyo e o in trancg e ni » 
plantDi total DNA from unbombardod and trrmog e nio planta will bo iaolatod ao doaoribod by 
■E dwardo ot al. (13fl). Chloroplaat tranog e nio plants containing tho dooired gono will be moved to 
seoond round of sel e ction in order to aohiovo homoplaom y. 

35 So ut h ern An alys is for homoplasmy and copjr number ! Southern bio to will bo dono to 
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homoplnonry i Th e ro aro oov e ral thouoond oo p ioo of the ohlo r oplaat gonomc pr esent in caoh plan t 
oe lL Th e r e fore; wh e n foreign gonoo aro Lnoortod into tho ohloroplaot gonome, it ifl pooaiblo that 
oonifl of th e chloroplaot g e nomes hav e for e ign g e n e o int e grat e d whil e otb e ro remain ao tbo wild 
5 lypi (hite r o p lawny). The r efo r e, in order to onourp that only the trnnnformed genome exi s t s in 
■e ollo of tranagonio plonto (homoplaomy), th e o e leotion proo e sp will be cont i nue d, la order to 
confirm that the wild type g e nom e do e c not e xiot at th e ond of tho oolootion oyolo, total DNA 
€rwm transgenic plants ohould bo probod with tho ohloroplact bord e r (fl a nking) s equences (the 
4te J trnA fragm e nt) , If wild type genomes ar e present (faeter o p l aciny) , t h e n ative fragment ti7e 
10 » will bo oboorvod along with tronoformod gonomooi Prooonoo of a largo fragmont (duo to inoortion 
of for e ign gen e c within the flanking cequ o no e c) and abs e no e of tho nativo omoll fragm e nt ohould 
o onfirm homop las my (85 , 8 6 ,88) . 

fo r tho tronogonio ohlo r o p laat gonomo. Tobacco chloropl a stK rontiftin 5000™! 0,000 iropir;s nf thrir . 

15 gen o me per cell (86) , If o nly a fraction of the genomes are actually trancformed, the oopy 
numb e r^ by d e fault, rmiDt b e l e DO than 10»000i By ootabliohing that in tho tranogonioo tho g e no 
ins e rt e d transform e d g e nom e ic th e only on e pr e cont, one oould optabliah that tho oopy numbor io > 
S0Q0 - 10,000 pe r cell. Thifl ia usually dono by digoating tho total DNA with a ouitabl e r e striction 
onssymo and probing with the fhnln'ng s e qu e n ce s that e nabl e homologous r ec ombinati o n int o the 

20 o hloroplaot gonome. The nativ e fragm e nt pr e s e nt in th e oontrol ohould bo abs e nt in th e 
tJ cnogonioGi Th e aboeno e of native fragment provec that only th e transg e nic ohloroplact genom e 
to prooont in th e c e ll and ther e is no n a tive , untran s f o rmea, chloropl a st genome, wit ho ut the 
foroign — g e n e pr e s e nt — This est a blishe s the homoplagmic — n a ture of our transfon aa a a t fc, 
■fl imnltonoouoly providing uo with an ootimat e of 5000 "- lQ s 000 oopi e c of th e for e ign gen e c p e r 

25 <eek. 

fti ort hcra Analysis for transcript stability; Northern blotc will b e dono to test th e efficiency of . 
4r aii30 f iption of tho gonoo. Total RNA will bo ioolat e d from 150 mg of froz e n leav e s by uoing th e 
' i Rnaaay Plant Total RNA loolation Kit" (Qiog e n Ino., Chataworth, CA). RNA (10 40 ug) will - 

30 b o d enature d by f o rmal d ehy d e treatment; separate d o n a 1,1% agaros e g a l in th e pr e senc e of 
^ormaldohyd e and transferred to a nitrocel l u los e membrane (MSI) as rifsrrihftri in SamhrnnV Pt. 

(130). — P r obe DNA (proinoulin gono ooding r e gion) will b e lab e l e d by the r a n do m - primed 
method (Frnmegn) with 32 P«dCTP isotope, — The b l ot will bo pre hybridig e dj hybridiB edF-aad 
w a sh e d ao des c rib e d abov e for s outh e rn blot analys i s . Tr a nscript l e v e lc will b e quantifi e d by tho 

35 ■ mfalooular Analyot Program uoing tho GS 700 Imaging P e nGitomotor (Bio Radj Horouloo^ CA) . 
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ett prppoion QQoayG will bo dono for e aoh prot e in by Wootorn Blot , R e combinant prot e in levels in 

5 ■ g e nerat e d using known concentrations and seri a l dilution s of recombinant and mnvr prntHna . 
Q ifferent tissues will be anal)TOd uDing young» mature and old loavoo againpt thooo primary 
' antibodi e ci goat anti US A (Nordic Immunology) , ami IGF I and a nti - Intgrfer o n alpha (Sigma) 
P o und IgG will bo m e asur e d using horseradi s h per o xi d a s e « lahe11fri flnti«gnat IgG , 

Inhoritanoo of Introduc e d For e ign Gonoe; Whil e it io unlikely that introduced DNA would 
10 movo from tho ohloroplost genome to nuol e ar genome^ it ic possible that the gang c o uld get 

jnWrfltftH i n tTift nnrlftar QP.nnmo Hni^p KnmKar^Pnt or.rl re^ir. iinHatart^H in <Jniltharn 

' annlyoio. Thoroforo^ in initial tobaooo tranoformantoi, oomo will bo ollowod to c e lf pollin a t e, 
whoreao othoro will be us e d in recipro c al cro s ses with c o ntrol tobarrrQ (trangflpnirrr as firrnalf* 
a c ce pters and poll e n do nors, testing for mat e rnal inh e ritonoo). Harvootod ooodo (Tl) will be 
15 goumiiatod on modi a oontaining opootinomyoin. Aohiovornont of homoplaomy and mod e of 

by totally groan aoodlingo (86) whilo het e roplaomy io dioplayod by variogatod l e av e o (lack of 
pigmentation; 83), — L a ck of variation in c hlo r o p h y ll pigmentifion among pr o geny should also 
' und e rscor e the absence o f pnrifion effect; an artifart of nuc l e a r transf o rm a t ion. Maternah 

20 YTlhfr+™^ Honinn.trQtpH Ky p^Ip- fro v. cm irri r>n nf in+rnHnrnH prmnr iHn nnnH pnnarntaH nn 

t Amgonic plonto, rogordlooo of poll e n s ource (green s eedling s o n s e l ect i ve med i a) Whrn> 
transgenic pollen is weed for pollination of control pi ants j resultant progeny wrmlri nnt rnntaini 

^ «-k-™i^1 ir. c^W+iw m^^iq (will appear fil^^rVi^H- «3) MnWnlar analyse will 

confirm tronomiooion and e xpression of introduced genes) and T2 oe e d will b e gen e rat e d from 
25 tltpcf cfrnfirmH plants hy rh*- p^iy^y rt^g^^K^H a Kr»«» 

- d.6 - S Uirifiootion m e thods; Th e standard m e thod of purification will omploy olaoaioat 
■ b i o chemical techniques w i t h t h e cryetilliTrri proteins inside the rfa lo roplast . Tn th i s case s t h e 
hom o gcnate s will bo paoood through mirocloth to r e mov e c e ll debris , C e ntrifugat ioa a t I Q,QQQ a& g 
30 . would p e ll e t all for e ign protein s (3) . Proteins will he fi o luhilin e d using pH s temporaturo gr ft&eafe, 

f>tr.< TVm i* pfMMhlo i f tho OnnJ and ? nf ihe>. rryyJAnl nppxnn (cpp cprtinn r\ rm fnld nnHi 

purificntion methods nr j ll be d one (olafisioal biochemiotr}^ toohniquoo and affinity o o luimu vvitlr 
\ pratfflsp rtoavag e ) . 
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HS A * Albumin it typint l ly iiriminiEtHrri in tenfi o f gram qu a ntities . At a purity level of 99&9$% 
(a lov e l ooncidorod aufnoiont for other rooombinont protein proporotiono), recombinant HSA 

5 t h e host organism must b e reduo e d to a minimum. Furthormor e , purifi e d rHSA must bo idontioal 

faN h lirY<Qrt F gA TWpit^ th PCP gti-ingArit TPqiiirPTTiPntCj piirifirqtirm rnctc rrmct Hp Wpt Irvnr Tn 

purify th e HSA obtaine d by gene manipulation , i t is not appropriate to app l y the rnnvrnrinnal 
prooooooo for purifying HSA originating in placma ao ouoh , This is bec a u s e the impurities to be 
oliminatod from rHSA compl e t e ly diff e r from thos e containe d in the HSA originating in plasma . 
10 >Iamoly» rHSA id oontaminat e d imth,, for e xampl e, coloring matters characterist i c tn rec o mbinant 
MSA| protoino origin a ting in th e hoct o e llfl» potyc a coharideo , e tc . In p a rt i cu la r , i t i e n ecessary to 

nlim^ntn r^mprmnntn r»n print™ p in thn V.r»rr ^P.11r J rinrp tn^y grp firwigri mattPrc -fa r 

t hing organicmB inoluding human and ocm ccuine the probl e m of antig e nicity . 

15 tn plonto two diff e rent m e thodo of HSA purification have been done a t l a borat o ry s cale . 

S i j aaoa s ct al, ( 2 3) tra n sforme d potato and tob a cco plantG with Agr&hactarium t t irnafaaians . For 

' ml oold PBS, 0.6% PVPj 0,1 mM PMSF and 1 mM EDTA , The homogpnate wag ffhtifiyd by 
fil tr ation, ccntrifugod and tho aupornatnnt inoubatod for 4 h with 1.5 ml poly c lon a l antiHSA 
20 oouplod to Roaotigol oph e roo (Pioroo Ch e m) in tho prooonoo of 0.5% Twoon 8Q i Th e c ompl e x 
K3A-diUi II3A-RLAutig&l was eoll&ctcd and waahod with 5 ml 0.5% Twoon 8 0 in PBS HSA wag 
d e oorbed from th e re a ctigel compl e x with 2 , 5 ml of O i l M glycin e pH 2i5» 10% dioxan e , 
immediately followed by a buffer exchange with. QuphadiA Q25 Lu 50 ullM Tiis yll 8. Th e 
■ nmplp was then lo a d ed o n a HR5/5 MonoQ anion evrhange column (Ph a rm a c i a) an d e l ute d 
25 with a linea r NaCl g r adient (0 350 mM NaCl in 50 mM Trio pll 8 in 20 min at Iml/mia fr. 
F p aotiono oontaining th e oonoentrat e d HSA (at 2 90 mM NaCl) were ry o p i ailiaed an d app1i>fi tn n 
IIR 10/30 Sopharooo 6 oolumn (Pharmacia) in PBS at 0.3 ml/min . How e ver thi s method use s 
affinity oolumno (polyolonal anti HSA) that are very expensive t o s cale « iip , Alsn thr prntHn is 
> r e le as e d from the column w i th 0 . 1 Jwi glycine pH 2.5 th a t will most prob a b l y, d enature th e 
30 prmtrin Therefor e , thic meth od will be su i t a bly modified . 

<Tho oooond method ip for HSA OKtraction and purification from p o t a to tubers (Dr . 
M i ngiii) rirtflil'c lab o rat o ry) , Af te r grinding th e tuber in phoophato buffer pH 7.1 (1 mg/3ml), the 
a oiao genate is filtered in mira cloth and c e ntrifuge d a t 14,000 rpm lft minutes . Aft e r thic ot e p 
35 another filtration of tho supernatant in 0. 4 5 Dm filt e rs io noooooary. Thon, ohromatography of 
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* in TTPT r o FIT? AT? g^ph*™^ T7oc+ TTInnr rnhimrx (AmprrViam^ ir rnqnirnH 

PT-o^fiVir>c T-Ppmr^-r^ arp pQgc^d thrrmgh ir> n-ffinify rnlnmn (ftliiPt Spph-arnr a f-irf flnnr m a rnfinTn) 

Be oulting in a product , of high purity ! HSA purifioation bas e d on both mothodG will bo 
« inv e otignt e d . 

5 

cooultod in miofold e d prot e inoi ThiG hac mad e it n e o e ooary to perform addition a l in vitr& refolding 
or QJLtonoivo ooporation t e ohniquec in order to r e cov e r the native and bio l ogic al fo a m of the 
molooulo. In addition^ IGF I has been demonstrated t o possess an intrirmr thrnnoriynam is 
10 ^' folding problem with rogard to — quantitativoly folding into a nativo — disulfid e bond e d 

with opooifio protoino of Ei ooii that significantly improved the relative yi e lds of c o rrect l y f o l d e d 
protoin end oonooquontly facilitating purification! Somu e lcDon e t ah (133) fac e d th e prot e in to . 
affinity toga baaod on eith e r tho IgG binding domain (Z) from Staphylococc a l protrin A or thr * 

15 two Domm albumin dornainc (ABP) from Strepto c occ a l pr o tein G ( 1 3 4 ) . Thr fiisinn pmfrim 
.c on ce pt a llows the IGF - I mole c ule s to be purified by IgG or HSA affinity chromatography , We 
«aloo oould uoo thio Z tago for prot e in purification including th e doubl e Z do main from nurstitr 
protoin and a o e qu e noe reoognia e d by TEV prote a se (see cect i on d .2) . The fus io n pr o tein w ill be 
■ incubated with an IgG column whoro binding via tho Z domain io o?cpootod to oo c ur i Z dom a in 

20 tlgG interaction if vrry rperifir frnri Iras high Tiffinityj go contaminant proteins P?n be eas i ly . 

"^fh^ rxff^a, ~*U m -n Tn^^of^^ th» r^hirvm nrith TT7V prfttPQCP Alrill plnfp mQiMTP TfTF-T 

■ from tho column. TEV protoaoo io produced in ba c teri a in l a rge quantitie s fu s ed to a 6 histirimft 
teg ' that i& used for TEV purification. Thio tag oan b e also uced to s eparat e IGF - I from ) 

25 transformation . 

Pi In tho ffi ooii expression method develope d in Dr . Prieto' s laboratory (unpublished d a t a ) 
th» purifioation oyotom ^nn baood on uoing 6 Hiotidino taga that bind to a niokol column tmd 
b ie tinylntod thrombin to e liminato th e tag on IFM D5 (G e o oootion d.2). Wo propooo uoing the 
30 oqidq m e thod qd a first attempt for puriflontion. Thio m e thod oould bo toot e d in Ei ooii expr e oo e d 
■ prot e inc . 

d >? Charaetcrigation of tho recombinant protoino i For tho oafo uoo of rooombinant protoino no 
g luplaoemcpt in any of tho ourront appliontiono, thooo pfotoina smut bo otruoturally oquiralonfr 
35 a nd muot n e t contain a bnormal hoot dorivod modifi o ationo. To oonfirm oompiianoo with these 
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4 comp a re human and recombinant protoino using tho ourrontfy highly fi e nsit i¥e 

recombinant products (135) . 

5 i z^™^ ? ,*iA Qti jiy nin Am inn n rirl n n n ty ih t n nnnfimi t hn or nrr nn t nn qii nnnn wi ll h n pn r fr irr nr i rt 
following offlin e vapour phaoo hydrolyoio uoing ABI 42GA amino a cid d erivatiypr wit h an 
oti lin e 13 OA ph c nylthiooorbamyl amino aoid analyHor (A p pliod Biooyatomo/ABI). N 
te rminal sequence analysis will be porform e d by Edman dogradation uoing ABI 4 77 A prot e in- 
e oquonoor with an on lino 13QA ph e nylthiohydantoin amino aoid analyser ^ Autom a t e d C - 
10 tprmiiml aequonoo onalyoia will uoo a Howlott Paolcard G100PA prote in s equencer Tn . 

pept id e w il l be i s o l a te d from tryptic digooto by rovoroo phaoo IIPLC . 

2- Protein foldin g and dicmlfido bridgoo formation ! Weotorn bloto with reducing a n d n oa^ 
reducing gel s will be done to c he c k protein foldingi PAGE to visualize email prot e in s will be 

15 don e in tho presenc e of tricinei Protein standards (Sigma) will bo load e d to compar e the 

mobility of th e r e combinant proteins . PAGE will be p e rformed on PhastGel s (Ph a rm a c ia 
Bi o t e ch) . Pr o teins wii l be b l otte d a n d t hen p robe d with go a t a nt^HSA, interfer o n a l p h a an d 
1QV-1 putyilunal antibodies. Bound IgG will bo dotootod with horserad is h pprrnrirlasPr 
* labillid an t i g o at IgG and viaualiBod on X ray film UGing ECL d etection reagentr 

20 « {Am graham). 

3- T r y p tic mapping ! To oonfirm tho prooonoo of ohloroplaot onprooood protoino with dioulfido 
■■ linkagoD idontioal to nativ e human prot e ins^ the oamploo will oubj e ot e d to tryptio dig e Dtion 

followed by popnd e mace mapping using matrix -a ssisted l as er de s orption ionization mass 
opootromotny (MALDLMS) . Samples will be reduc e d with dithiothreitol s alkylated with 
25 i odoaootamido and than dig e st e d with trypsin c ompri s ing three add it i on s of 1 ; 10Q 

CBcymo/oubotrato ov e r <18h at 37°Ci Subs e qu e ntly tryptic peptid e s wOl be s eparated by 
rev e rse phase HPLC on a Vydac CI 8 column . 

4- ' Mas& analgia. E lcetroap r av maaa opootromotry fESMS) will b e p e rformed usin.fi a VG 
Quattro e lootrocpniy macs sp e otrom e teri Simple will be desalted prior to 9m1yrir by 

30 E ov e roo phaG e HPLC ucing an ao e tonitril e gradi e nt oontaining trifluoroao e tio aoid* 

5 ■ CP; — Spectra — will be — measured — in — a nitr o gen atmocpher e — uoing a — Jafcoo — J60Q 
cpootropolarim e t e ri 

6- Olurniia t o e japhio toohniquooi For USA, analvtioal gol ponnoation HPLC will bo performod 

r c^rto q TgliT ranOO RVJv\ rvOnmrt Prppor^H^p qpI pnnnf^tinr nhrnmntnprnphy nfWfiA will 

35 bo porformod uoing a Sophaoryl 0200 IIR oolumn, Tho monomor fraction, idontifiod by 
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» at 380 inn, will bo dialyg e d and rooonoontratod to ito otarting concentration. Fo r 
IGM , the reversed phacfl chromatography th e SMART oyot e rn (Phaimaoia Diotooh) will be 

7- - Viscosity: Thia is a classical aaaav for recombinant HSA. Vificocity is a char a cteristic of > 
5 . prote i n s related dir e ctly to their oig e , ohnpo, and conformation. Tho viooooitjoa of HSA and 

i r e oombinant H I SA will bo moaourod at 100 mg. Ml 1 in 0.15 M NaCl uaing a U tube 
' vuc o siraoto r (M2 type, Poulton, Solfo and Loo Ltd, Eaaox, UK) at 25°Ct 

8- ' Glvooovlation ; Chloiopkflt pre terns arc not known to b e glycosyl a ted , H o wever t h ere are a o 
publioationo to confirm or r e fute thin aooumption . Th e r e for e glyc oe y la tion w ill be measure d 

10 w bing a ooalod up voroion of tho mothod of Ahmod and Furth (136) . 

d.8 Biological Assays: 

fl ince IIGA dooa not have on£s>matio activity, it io not pocedble to run bio l ogic al as s a y s. 
Throo different t e ohniquoo will be used to check IGF I ftmGtionality. All of them are b as ed on the 

15 proliferation of IGF I rooponding c e llcj First radioaotiv e thymidine uptak e will b e measur e d in 
3T3 fibiublasis, that ox pr oaa IGF I roooptor, op an optimate of DNA Esrathrsiy Ahrij a hiimfna 
m&gafeflry e blaatic coll line, IIU 3, will bo uaod. Ao HU 3 growo in ouoponoion, ohang a c in o e l* 
-ag mbor and otimulation of gluooso uptake induocd by IGF ' I will be assayed u&ing AlamaiDhi& 
e r glucos e c o nsumpti o n, r es pectively , MarnirBlnfi (Accum e d Intern a tiona l , W e ct l a k e . QH) i s > 

20 reduc e d by mitoch o ndrial e nzyme ac uity , Th e r e duc e d form of th e roagont io fluor e oo e nt and 
can be qn antitativ dy d etecte d , ninth an exritatinn of *n0 nm anrl m prnissirm nf iQO nm 
•A kimarBluo mil bo addod to th e oollo for 31 hours aft e r 2 dayc induction with diff e r e nt docec of 

Tra.T ^ *V ^"^^ ^nriiTwp+ifvn Viy PTTT 1 rallr ith'11 >irt mnnmirnH urinp n 

■ oolorirnotrio gluoooo oxidaoo pro o e dur e provided by Sigm a. HU-3 cell s will be incubate d in t h e- 
25 obo e noo of o e rum with difforont dooeo of IGF I . Gluooo e will bo add e d for 8 houro and ghiooo e 
oonoontration will b e inumuul ill Iki aupomatant, All thrae m e thod s to me a sur e IGF - 1 
ruiiiliuialily a r c p r ecise, aooumtc and dooo dependent, with a lin e ar rang e between 0 . S and 5 Q< 
ng/ml (137) . 

30 Thr mnthnr l trr firtrrmini TFM nrtmty will rr° ™ ^ r ^ 1 p 1 "^"^"" Ttl " n 

proooduro m e aour e c the ability of IFN to pr o tect HeLa rHIs against thr r . yrnpathir ; rffcrt nf 

Firot, HoLa oollo will bo ooodod in tho wollo and allow e d to grow to oonfluonoyi Thon, tho - 
Imodium will bo romovodj roplaood with modiuoi oontaining IFN dilutions and incub a t e d for 31 
35 h o wrc . EMC virus will be add e d and 3 1 hourc lat e r th e cytopathic effect will b e moacurodi For 
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nn will bo r e movod, wollo will b o r inaod two times with PDO and otaincd wi t h 
motbyl violot dyo oolution. Tho optical donoity will bo road at 5*10 nm. Th e valu e o of optical 

fonglty p^prM-H^ol tn tliP. Qntim'nl *3rtiiHiy nf TTTM (US) gpnnifin nntnrily will h a 

dotorminod with roforonoo to otondord IFN □ (oode 82/576) obtainod from NTB S C . 

5 

d i D Anim a l t e sting and Pr e- Clinical Trinlo i 

' If albumin oan bo produood at adoquato lovolo in tobaooo and tho phycico c hem ical* 
proportioo of tho produot oorr e opond to thooo of tho natural protein, toxicology atudioo need to bo 
10 dowo in mioo. To avoid mioo rooponoo to tho human prot e in, tranogenio mio e oarrying HSA 
g e nomi c oequ e nc e s will be we e d (139) . After injection of non e ; 1» 10) 50 and 100 mg of purified ' 
recombinant protein ; c l assi c a l toxic olo gy stii di es will be carrie d o ut (b od y WfHgh an d foo d, 

Intr^, 0r.1Vr.al U^ha^ni- piWrer^on ^tr») Phgrmg/*.AiitiVa1 rrrnipgmVc will hp r-nntartpH fnr, 

■ further toxicology studies and clinical developm e nt of the product Albumin could be te s t ed f og 
15 blood volume r e placement aft e r paracentesi s tn Him in ate the flui d from the peritone al cavity ui 
■p atients with livor 1 oirrhooio. It hao boon ohown that albumin infusion aft e r this maneuver ic 
ooponticil to preserve effective circulatory volume and rrnal function (14Q) 

' IOF-1 and D7ND will be tested fo r biological offooto in vivo in animal mod e lo i Dr . 
20 1 Piielu's laboiAlory has extensive cxporionoo working with woodohuekc {marmota mcmax) 
mfootod with th e woodohuok hepotitio viruc (WHV), wid e ly conoid e r e d oo tho b e ot animal m edel 
uf hepatitia D virua infeotion (HI). Pr e liminary studies performe d i n Dr . Priet o ' s InnorRtnry have 

ohain r e aotion (FCFQ in woodchuck peripher a l b l o o d mononuclear cells upon incubation with 
25 Human IFND5, a piuuf of the biological activity of th e human IFND5 in wood c hu c k cell s. For in 
<vivo ctii d ifgj a t o t a l o f 7 w oo dchucks chronic a lly infecte d wit h WHV (WHV surface antigen and 
WIIV DNA pooitivo in s e rum) will b e uc e di 5 animalc will bo inj e cted Dubcutaneoucly with 
$00,000 units of human IFND5 (the activity of human IFNDS will be dete r mined as desc r ibed 
pr e viously) three thrifts a we e k for <1 months; th e romaining two woodohuokfl will bo injootod 
30 with plao e bo and used as controlPi Follow up will include wookly cerologioal (WHV surf a c e 
a n tigen and aatiUWHV surface ant i b odi e s by ELISA ) a n d wologi ca l (WHV DNA in seium by 
g oal timo quantitativo PGR.) ao woll od monthly immunological (T help e r rooponooD against WHV 
* ourfao e and WHV c o re ant i gens measured by intnrleukin 3 produotion from PBMC inoubat e d 
with thooo protoino) otudi e oi Finally, banal and end of troatmont livo f biopGioo will bo porfomiod 
35 ■ to ooo t o livor inflammation and introhopatio WHV DMA lovolo. Tho final goal of treatment w il l 
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E vixti] replica t i o n by WIIY DMA in aerum, with oooondary end pointo boing 
■ hiatologioal improvement and doo r oaao in intrahepatic WIIV DNA lovolo. If IFND5 provoo to 
ftTtort i nntr i iTnl afftmty n£ n innt "fl^HY in thf» wffrrri"b i,n1 'r i n nQ °^^ Vtn pnn^irtt.^ -f^r p^pniVii^ 
induotrial partn e ro interest e d in tho olinioal d e v e lopm e nt of thir prnrinrf 

5 

For IGF 1, tho in vivo thorapoutio offioaoy will bo toctod in animalo in oituntiono of IGF I 
dofioionoy ouoh ao livor oirrfaooio in rato. On Prioto'o lab hac publish e d s e v e r a l r e port s (56 58> 
s h e lving th a t recombinant human IGF4 h as m a r k e d bene fi cia l effects in i iurrpa s ing hon? and 
gmiBcl o m a sc s improving liver function a n d conrecting hypogonad i sm . Briefly, tiV indnnrinn 

10 "pg otoool will bo ao followo! Livor oirrhooio mil bo induood in rate by inh a l a tion of c a rbon 
te toohlorid e twioe o. w ee k for 11 w ee kc s with a progr e sciv e ly incre a oing e xposure time from 1 to 
■Sn aiinutoo por gaooing ooooioni After th e 11 th week» animalc will continu e r ece iving CCU onc e a 
week (3 minutea pe g inhalation) to oomploto 30 wooko of CCL| adtniniotrc i tion i During th e whole* 
^ induotion period, phonobarbital (400 mg/L) will bo add e d to drink i ng wat e r. To t e ot th e 

15 t herapeutic effic a cy of t ob a cco - derived IGF - I , c i rrhotic ratr will rffcirivf 7 j i g^OO 0 nnf fy 
Yroicht/riray nf thin rnmpmirid in tvro diyirirri rifflfi?fij during ttV lafit 71 dayr rt f th~ infin^ti^n 
protocol (weeks 2 8 , 29, and 30), On day 22, animals will b e s a crifi ce d and liver a nd bl o o d 
aa mploo will b e c oll e ct e d , Th e r e spite will be c o mpare d to th os e obtaine d in c i rrh o t i c animate 
r oooiving plaoobo inot e ad of toba cc o d e riv e d IGF I ; a nd to h ea lthy c ontr ol r a te .. Ac in t h e c a se o f 

20 H7ND, if p lant " derivcd IGF I (in addition to e x e rting ch a racterist i c b i ological effects fn vffrn) 
-rnprndnoon t h o nffnot o nf t h rt nrrninwrhl r?~TmHn?rit TIF T frr rir^ Ph ^?" Ql1t; "^' ™~.po r ;~ r 
will bo oontaot e d for further preclinic a l a n d c l inic al d eve lo p m e n t . IGF -I can be tested in patients 
<Vllu UVU liiilnuflio and poor nutritional gtanii . 

25 Impo r t of certain paosngofl from S pain inactivated s poiling and grammar*ohooh 

f ra c tion for thi s fil e. Ev e ry e ffort w as m ade to do spoi l ing a n d grammir c he cks manu a lly . 
In vestig a tors a po l ogiz e to r e vi e w e rs for in ad v e rt e nt om i ssions . 

30 

■ T e nt a tive Proposed Sohodulo 
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e ombinont DNA vootoro for anhanood tranolation of all therapeut i c pr o te i ns via^ 
^ hloropl as t genom e s of tobacco 

b) 'feat protein purification and proc e ssing uoing c hloropl a cts vectors i n F call 

c) QbLaiii uauagLiiio tobacco plnnta uaing tho trDncformation v a c tore 

5 d) Aaaay tranggonio oxproaBion of thorapeutio proteino in chloroplaDtc uoing molecular 
and bioohomioal mothodo 

* Yuu II: 

a) ' D e velup letumbiiuiJl DNA vect o rs foi 1 enhanced tranolation of all thorapoutic pr o te i ns via 
10 ch la r o pl a st g e nom e s o f tob a cc o for efficient proc e ssing 

b) Toot protoin purifioation and prooooomg uoing ohloroplaoto vootoro in Ei ooii 

c) Obtain tmnogonio tobaooo planto uoing th e transformation v e otoro 

d) Ac pay transg e nic expr e ssion of prooesoed th e rapeutic prot e ins in ohloroplaoto uoing* 
molecular and biochonuoal mothodc 

15 

■ Year III : 

a) 'Employ oxioting mothoda of purifioation from transg e nic leaves or develop n e w a ppro a ches 

b) (Analys e g e n e tic compoGition of transg e nic plants (M e nd e lian or mat e rnal inh e rita nce) 

d) Largo soalo purifioation of thorap emtio prot e ins from gr ee n houc e grown transg e nic planto and 

e) Animal t e sting, pr e clinical teafe 
<Yoar IV 

a) ' R e folding and charact e risation/comparison (yi e ld an d purity) o f therapeutic pr o t e in s 
25 p r od uce d in £ , aoIi or y ea st with transgonio tobaooo 

b) A nirml tflistingj pre c linic a l tri a ls 

c) GonCumo to ohafaotorico gubooquont tranogenio g e n e rations (Tl s T2 $ T3) . 
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1 CM 63 870 01 

CX F RC33 I ON Or HUMAN THERAPEUTIC PROTE I NS I N TRANGGEN I G TO B ACCO 
' GHLOROPLAGTS ■ Henry Don i ol l 

I n tho noar futur e ^ demand for e x i stin g bi o ph a rm a c e uti c a l s a s w e ll as n e w th e rap e ut i c prot ei n s is. 
expe cte d to rise c o nsi d erab l y , Theref o re , it is i mport a nt to e va l uat e a l ternative trancgon i c production 
sy s tomo and onouro avai l ability of cafo biopharmaooutioa l o in a ooot offootivo monnor. Chlorop l aot 
ge n e tic e n gi n ee rin g promi ses to b e on e of th e b ee t ava i lab l e toohniquoo oinoo fore i gn gono oxprooo i on 

jip APiOL total cnl.ihla priMoin hoc hoan HomnnctratpH r^nantly (pfrnHy frnm nnr Hh fnnti irnri nn thn 

cov e r of N a tur e Biot e chno l ogy, Jan u ary 20 01) , Th e sp e c i fic aim of th is proposa l i s to opt i m i s e 
produot i on of thorapoutio protoinc such as human 6 e rum a l bum i n (HSA) , insulin like growth factor 
(1GF -I ) an d interf e r o n a (IFNo t ) i n chl o r o plast transg e nic plants for futur e ut i lization of th i s syst e m f or 
■ biopharmacoutiGal production i n p l ants . 

Chlorop l aot oxproooion of Human S orum Album i n (U S A): Wo have already i nit i ated transformat i on 
of tho tobaooo oh l orop l act g e nom e for hyper e xpr ess ion of HSAi Th e HSA codon composit i on io i doab 
fo r ohlorop l oot oxproooion ond no ohongoo i n tho nuo l ootido ooquonco were n e cessa r y (s ee pa ge 37 
o f th e propo sa l), W e d esigned s e veral v e ctors to op t i mi z e HS A e xpr e ssi o n us i n g diff e r e nt 5* r e gulatory 
fog i ono. All thoGo contain ATG ac the first omino aoid of th e mature protain. Tho f i rot vootor (pLP RBS 
H SA) ino l udoo tho ohlorop l oot proforrod R i booomo Bi nding S ito (R B S) oequencc GGAGC. I n the 
se cond voctor (p L D - 5'psbA - HSA) H SA w a s c lo ne d do wnstr ea m o f th e psbA 5' UTR inc l uding tho 
^ promot e r and untr a ns la t e d r e gi o n , which h a s b e en shown to enhance transl a t io n . Th e th i rd v ec t o r . 
(pLD Orf10rf2 HSA) introduc e d th e putativ e chap e ron i n (Orf2) of th e B.t. cryaAaa oporon upotroam of 
the I I GA geno, wh i oh hao boon shown to f ol d f o rei g n p r o teins and f o rm crystals , aiding i n pr o tein 
s tab ili ty ond purificat i on . 

All chloroplast vootorg wcro bombardod i nto tobacco le av e s v i a particl e bombardment -and attar 
A wooko ohooto appoarod ao a rooult of indep e nd e nt transformation e vonto. All ohooto woro tooted by 
PGR to vorify intogration i nto tho oh l oroplact gonomo uoing tho mothod dooor i bod on pogo 39 of tho 
proposal. Tho positive clon e s wor e pa s s e d through a s e cond round of coloot i on to achiovo 
h omoploomy ond tronoforrod to pots. The ph e noty p o o f th ese p la nts w a s c omp le t e ly n o rma l. 
Tmnogon i o ioavoo onatygod by w e st e rn b l ots s how e d c o ns i st e nt l y the samp pattern nf Fnrprps^inn 
d epe n d i ng on tho 5' rogion ucod i n th e tr a nsf o rm a tion vector (see F i gure 1) . Maximum feupfs nf 
e xpr e ccbn woro observ ed In tho plants tr a nsf o rm ed with th e HS A pr e c eded b y th e p cbA 5* UTR ana 
p romoter. Mo l ecu l ar oharoDtorizat i on of tho firot generation io in progrooo. S outhorn bloto of oovora J 
de n e s sh o wed h emo p lamy i n oil tmnogonio linco oxoopt ono (coo olono it 6, Figuro 3). Northorn b t otc 
showed UifCu i tJ i il l e n g th o f t ransc rip ts dependi n g o n the 5 1 regulatory reg io n that woo inacrtod upatrcom 
o f tho HSA gono (s ee F i gur e 3) . Th e most abundant transcript was thp mnnnniRtrnn in plnnK writh th o 
fVp n hft p rnmnt r r up ntrn n m nf th n HSA g o n e Pn lyristrnm nf rliff r r r nt I r ngth w r rr nhnmrrrl h mr ri en 
-th e numbe r o f pr omotoro uood in oooh oonotruct and diff e r e ntial p rocessing . 
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hs a rv e d diff e rent l e v el s of HSA i n EL I SA d e p e nd i ng on th e e xtraction buff e r U6 e d > 
anrl further nptirwatinn nf this prnnprtnrp is in prngrpss. With incomplete extraction prnnprlurps, thft 
hig hest I IDA l ovc l of express i on i n plonto transformed with pLD -5 f psbA HCA woo up to 11.1 3 0 of tota l 
j polublo proto i nj th i c i c moro than 100 fo l d the e xpr e ss i on obs e rv e d with o th e r two constructs (sen 
F i guro 1). B e caus e w e hav e r o utin el y observ e d h ig h l e v el s o f for e ign gen e expression with rather t\m 
vectors, we antiripafp that tho antual IrvpI nf HSft pyprpssinn in pL.nnft'pshA-HSA may fixnppri Sfl% 
of tota l co l ublo prot e in, Sinc e th e e xpr e ss io n of HSA u n d er th e 5'psbA contr ol i s light flpnpnrlpnt , thp , 
ti mo of tho t i oouo harvoct for expr e ssion stu die s i s important . S u ch ch a ng es i n HSA am im i ilatinn are 
curr e ntly b e ing i nv e st iga t ed us i n g ELI S A a n d North e rns . 

Characterization nf H?ft from transgenic chloroplasta for proper folding, rlhnffirlp hnnd 
format i on and funotlona l lty i o In progrocc, Tho otromal p H within oh l oroplacto ond tho pr e s e nce of b oth 
thior e doxin and d i sulf i d e i som e ras e sy s t e m s prov i d e optima l condit i ons for propor folding and diculfidc 
be n d f o rm a t io n within fo l de d HSA , 

Ch l o ropl as t e xp re ssion of Insulin Li l io Growth Footer ( I CF I) : From proviouo otudioo (coo pago 3 0 , 
ta ble I) W e observ ed UYAl hjjf- 1 yciuL coding o e qu e nc e i s not s u i tab le for h i gh le v o lg nf avpr e esinn in . 
o h l oropbotOi — Thor e for e i w e hav e d e t e rmin e d th e optima l ch l orop l act ooquonoo and omp l oyod a 
4- couroivQ PGR mothod (coo pago 37) for total gon e synthocic (coo Fi g uro 6), Th e n e w l y synth esized 
g e n e wag doner! into a PCR 2. 1 v e ct o r , I ns e rt i on of az t e v coquonoo upotroam of 1GF1 cod i ng * 
■ s e qu e nce (s ee pag e s 41 - /12) for far i fftatinp subs e q ue nt purificat i on ic i n p r og r ess . 

J o remonstrate prpressicm , purification and propor cl ea v a g e of th e fusion prot e in we a l so 

^Innorl tho full longth If^F-l {inHnrlinr) tho pna.eoqi uanna) in nn nlphnwimn unntnr nnrl nupmnnnH tin * 

p r o t ei n in human cultur e d c e l l s i Al ph a viruc syctom hao boon uood booouoc it ex pr esses a d e q uate 
am ounts of pr o t ei n to ind u c e a v e ry goo d imm u n e r e cponco in toct animate . Wo oboorvod that tho 

p w i n i n hnri thn prnrlirrtiaH riro , ic prnpciriy HaavpH in rollc: tn prnHitrg thg mature pmtein anH ic 

exported into thp grourth medium This spprpfprl prntPin rniilri hp immiinoprppipitatfrri using anti-I^Fr! 
a nt ibody. T he gg - t e v IGH 1 woo oloo olonod in on o l phoviais vecto r , oxprooood and labo l od i n human 

/■ml+nmrl r.r.Hr* Thin hnr -.H^uwarl i ic t/^> ooo +ha+ tho prrytoin harl tho pnaHirtorl ciro anH flQ gvportoH )cl 

not sprreterl Tn rlpawe 77 tag aftpr purification from ohlornplasts, TFV protpasp is npepssary (spp 
p a ge 4 2). T h e r efo r e, we have oxprooood and purifiod TEV pr o t e as e i n bact e r i a . A fter purification we 

» m .l H nhtnin npprairimntnly O B mj Thie TX=\f prntaaca rloawoH tho lahftloH y7.tow-inF-l prnrturing turn 

fragmontG i zz - t e v a nd mature IGF .i, W e ar e currently l abeling metre fus i on protpin lo optimize 
■ oonditionc for TEV rl e avagp . 

O hl o re p l as t e xp r ession of I nterferon ctS (1FN a6); Ac propoc e d i w e hav e clon e d h u man I FMo t S , 
fuood with a Hi otidino tag (for h e l pi ng i n further purifioot i on, c ee pag e 4 ?) and introducpri thp gpnp inta 
tfae ch lo rop la st tran s f o rmati o n vect o r (pUD) , W e st e rn blotc d e monctratod oxproooion of tho IFNot fr 
yrotoin in E. ooli ucing pLD v e ctors , an d th e max i mum leve l w a s ob serve d with the 5'pshA I ITR and 
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gen? was c l oned int o th e p LD using both s e qu e noop and bombardod into toboooo 
teavco. Chooto appeared aftor 5 wooko and tho oooond round of oo l ootion io i n progrooG. 

All proposed mtfpQrimonts cion^ so far have yielded results as expected , With successful hypep- 

^ yw^ftian nf ft nhrnnrnr 4 ; ipla' i t trp^fl""^ p'^"*o (gnn higher tk>^» prnwiA..^ p^p^rt? 

w uo l cor tranogon i o planto i n tho literature) , w e ar e optimist i c th a t th e transg e n i c chtoropl a sts wi ll 
omorgo qg d biopharmaoout i oal product i on cyctom i n tho noar futuro. N I H fund i ng to oupport of thio 
propocal wou l d mako this a r e a l ity . 



Expi ' csgioii of HSA via th e gfi l oroplnsf gennmp in tnh acca 




■se- 



Figu r e 1 ; Weatom Slet of tobao o o prot e in wrtr a cte . A) 1; A Q ng pnr a HSAj 2 i mol e cu l ar w ai ght marfar j 3,d ,6i 
untoanafoi ' med plant CKfraoto; 5; ontmot from planto tmnofopmod with i PLD S'UTR USA; 7 ; pLD O r flOrfa 1 ISA. D) 

1. Af\ »^ p.^o UQA - Q. ^nlnr w*jgrlit mflrl-i»r- iintrsirigf™mrii»H plant pvtmrtc; 4- />vtro/*t fiww plmtr tr^nf*fr.rr»nrl 

With. PLD RDO I IDA; 6.' pLD OrflOrfS HSA i 10 miorogromo of plant protoin woro toadod in oaoh woll . 
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Figure 1: Diopolymcr Proinauiin Fusion Protein Expression 



■ A. Cufj|iii IjUiii i id 




P AGE ' \5V * Glvcing l argfi gH 

Ai Cop p er Stained : Gol riiuod in wator for 10 rain. Grained with 0 . 3M CuClj for Smin. a n d ri n sff d hi 
water for 3 min . 

p ^rrr^j- R 2™ g^ngd; The rana gal wac firct ringed for 3Qmin La miter and then stained fofHuy 
and dfrCTBinpri nvPTnipht. 

A i a n d Bi Lcaicj. 1 . Prcotoinod Marker (BioRad) i 2. Sonic Gjctract of pSBL QC XaPrio \ 3. ravwro 
■ miattation of fuaion p r otein of pSDL PC XaPriai 1. Sonic oictraot of pLD PC XaPrici 5 , inv e rt 
orientation of pLD PC XoPrini G, Suuii crtHic * of r. mtf atrain ?CL 1 Dlue. luiitaining no plajmid , 



C Woororn Blot of Biopohmor Proinsu li n Fu s ion Prorpjn 



-1 — 3- 


-> 


4 5 6- 














30- 



J. Punier! pmtninJo- 
i i? tL n*i 



Rarifod gminrnlin 19 VPn) 



I 4 



«f ffirrifirri 



(9 JfHfW 



Utreinfiitin (0 VrVil 



I , Laneo. 1 . BioPLad Prootninod Marker, 2, 3ug of 



Pu r lfled Human Pruiii^ulin. 3. Jug uf pJDL^OC" 
XaPrio (oonioation and purification of biopolym e r 



XL Lan«c. 1, BioRad Pmotninnri A'fnrk^ 2 7 



5ug of Purified Human Proinculin i 3 , Sonic 
e xtract of pSBL . QfVKaPriT f»rprrs<rinn rrlls 



twice) ' L Negative control, XL - 1 Blue E.coiii 5* — 

fionio oxUuei pSBL onpreaoing cello (6M — 

Cuanidino Hydrochloride Phoophotc Buffe r , pH — 

n nv £ Q^»,V ^r-^t nfVT 1 Bit m F rWf mi th nn -. 



(6M Gn nn i ri inft H;^r^ Mr,r ^ n PV»nrphnt» 



Buffon pH 7, Or. I, Sonic oictract -eSffcP- 
QC XaPrio oisproccing c olic (Gm UC\)) ? , 



Sonic FTtrnTT rf 7 * 1 p1,ia K nnn n " th nn 



-pSBfc 



p lajmid. 
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Figure 2; C u iifii mation of Chloroplaal Iutgfflnlfotf By PCT» 
of Polvmer Proinaulin Fusion Gene 



@ — yU - OC ■ XjTi Kb) 



-e- 

i. tr l ib 




B. Confirmation of W.l integration into the chloroplast gcnomo Primorc: 3P/3M * 



u.t.hk., .. 1 Lb luaiku. 2. dum L10L fL pLD PC XuPiiJ) . lliuiO; :. eIuiil LP C^nt): ^ 



511b. 13, Petit hu . uuu (not tranrg r ^o):! 1, Pociii^ n o ntrol lO . VDH p r m u pr n rnnr in rhlorophffl 
from ironpgonio plants alr e ady confirm ^ 

^CuuLuiuaLiaii urinicaiQtion of uut/J and biopolymor promculin fucion rrner inrn rhft 
^hloroplast gjnomo Primors: 2P/7M . 




PCRufpLD Limits: Ui : ^.. 1. 1Kb maikci; 

S, L17a. .\ LI 9b. u. LQd. L9: fi. Paitlmuaua 
(nr'r ^"Cfl r rni^ i f' n 1 ,3tntnT * nr p nririrr > 
eontro i ; 



4>CR of pSBL clonal Lanoc^ U Ikb roarksK 



SI7o. J, S30b, S7a; 5, S11bj6, LP(mntnmV 



ac positive control 
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Figure 3 i CTB Gene Exprcooion and Chloroplast Integration 




Wootorn Blot analysis of CTB* 
expression in E * coli (15% PACE): 

lan e Is Furifiod bacterial CTB (0 . 5^g) \ 2 ft 
T^^f^^^fj p -nli nA h nnH 4ff h ™rph* ; 

"\ & * • i r nminTf™Tirri F rHi n ,lfMrA 9/1 h anH 4g h 




C. PCR confirmution of ami A gong integration D, PCR confirmation of integration nf 

imi/Aand CTB gono into chloropl as t 



to chlorop l ast g e nome 3 P'3M primers 

1 2 3 >i * R 7 ft Q ir> 11 1? 13 14 1ft 
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■ Figuro 2 
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Figur e 3 
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Figure 4 
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■ Figure 5 
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of bacterial opofod in trnnogonio ohlorop la ste 




Transgenic Leaf Age 



ff i gura l i Ciy3A pr o tein c o ncfntriTi o n ri a t e rmun d by PT i TM » i n 
^""^"^ ftTratf IQft . fo ld increa fi B i n prnt a in accumulation in 

. t E xpression of a small f??airt peptide in transge ni c chlor o plasfs 



■ oporom 



r>f inati*~» ^"^Q""^ fVyT A n n mini. ... n 

^a» e ^ir> rhlornplflyt rvprpfrinrj — thffi rry? fV 




auuia U u _ 
h o urs at aS^C at 135rpm and grown in LB broth ovomighfr 
Bagpri on minimum inhibitory conrpntTarinn of !■? 



-MS* 



A MP/ 1000 b a cteri al e al U, the expres sion 1?vH was> 



« * Expmccion of Oligom c ric form (disulfide bonde d ) GTB in transg e nic c hloro ptes4»r 




twnagc wie l i ne 0 trano a onio l i no 7 ' 



igwro Si A) CTB EMS A quntification 



shown as a percentage o f thff t o tal so lu bl e pl a nt prom i n , T o tal solubl e 
■ plant pro to in from young ) matur e and old l e av a o of tranog e ni a i in i c 3 and 7 woo quantifi e d . B) CTB GjVH. 
rCnngUosidt binding EIjISA ajfloyj ! Plntoa o e atod firot with GM1 ganglioGid e e an d B S A w a ra platfrfj vyjth tota l 
- ooiublc p lant pta t ciu fiuni lines 3 and 7, injuamfuiiuml plant total suTubiL piuluiii and puiilual Unl e iLil CTB. Tlib 
abhuibAULC ui Uie QMI E^mglioairie - CTD antibody oompion woo rnoaour a d . 
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unboilod (7); MqtIcoj (8) . 
■ Marker-free chloroulflst tmmgf 



tn nhWnplactg L T In^^f^P^ /l ■ Uiimnr. Tjrr A ^ , 

4 jiuji-iidUUiii/i'i.n Tiiiiiii i nil M i l ii Ml ' l i ii u m i n i ml i ij , 

o. T^^cW^oH 1. Unn^n Tq A Rlntr A fit C mara 

with ^ n j T i g fltft^ pnnf ^^.h,^^ vnp^ 
a nti human IgA antib o dy 



nlants 




and B o tain e 



Tabfc 1 j C o mpariaea o f fipootinomy 
a teyhyd e ac th e oolootablo morkor for tbo firot round o f 
• o e l e otioth 

* Codon composition and e xpression level s. 




control ia RMOP medium confoininp gji 

4< Wayc P P U^„rl l^friinnr nnlnnfnH nn nprmtinnmi . rmi 

ir» PA/TOP tr»»ftiiiir» aft— >1< ^oyn r Qp^hnnmynn rr»rirtnr* 
o}^^^o /»ii1tmwJ n^oirt ^cornnrl rnnn^) +n nhtdin hrtmnplttrnay 

D l - Potit I lQVOnQ C^"^ 1 n BMr>p mpHhim nnntiininp 

ijetaine Aldtlijdu uflur 13 doyo of auhyrft . E , Dmmbn r rirrl 
l e af dic cc o e l a cta d o n B e tain e Ald e hyd e in RMOP m e dium 

aft?r \2 ^rrmi, inHiratec linhnrnhflffipH lf»af 

■ dioo qp control ■ Not e that 33 chooto aro form e d on a dioo 
s olootod on botoin a al de hyd e a g ai nft 1 * 2 s ho o tg pgr d i ce oh* 

g pp.r.tirm m y^r, P R^i^o oMoVTyrlA rorirt-mt nlnnnn miltii«™t 

again (oooond round) to obtain homoplaomy/ 



■ Table 3 (Lcft) i Blank indioatOQ 



with unmodifi e d ' 



nfltiy* ^p do n Vomp o cttion and th e ir ox propoion Jovoto * 

Kuaimili ti eil. (1997) Gugg as t that a minimum of 1% TCP io 
" liduuuutt for comnwc i n l fatigability Soo oootion d) f ei* 

ri-tmf- i*T 0/ npihA ftPtiTT™ 1 0/ - " f 

■ cedent: that rrr»" h t UA T * PXTrt r nn1 , Tgn ' nr 
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Diw o Wmfc r' Proinonlin Fusion Prot e in Expressi on 



Bt i Copmacofo It 350 Stain od ■ 




4- 



lima 



set 



-4^ 




Fig 9, A and D Laiita; 1, Pvestaifiod Marker (DioRad) ; 2, Sonio oxtra c tc of pSBL PC XaPrir j ^J™™** * 
oriontation of Laoort in pSDL QC XoPric; 1, pLD PC XnPrio; 5, rovorao oriontnliuji of pLD PC XaPm; 
0, £. Lu/f 3CL 1 Ohio oollo with no plaemid *. 




Maito; 2, 3ug uf Purifiul Huuuiu 



Preyrninrd Marian I? , 5ug of 



e xproooion; 3, nogativo con tr ol 



■OimUUime HydlOCniunae ruuylliUB _ _ ^ ~ A ;~ Jt ^ ^v^T"^ ^N^.^ncnlin Winn nrntPin 



Buffer, pll 7 .0'j; 6, XL-l Blue EMUll with 
no p GDL . 



ph7.0)j ilj pLD Or-YnPrif j Sj YT ■ 



Confirmation of ohloronlaot integration and homoplaomyfl ioteroplnomv by Southern Blot Aagfesjg- 



Figlli Biopoiymor proinoulin fuoion gono 



6.07 lit ► 



j n ^ Cf ^»r, in+r, thn rhWnplnrt {mnnmn nnnfirmori 



by South e rn blot analycioi Lianaoi 1 ^ P e tit Havana 



(nogativo oontrol); 3 5, pLD PC XaPric g lon a c 



(rO, pODLOC ' XnPrio e l e noo T & ; 9, probo(pooitivo 

— r^- 1 ) TJ^»p1^tv,y in p fl f>n in mnnt fmnr^rftnin 




lines while a f e w tranogonio linoo ohow 



hotoroplaomyi 
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1 Expression & assembly of dioulfido bond e d 
Guv's 13 monoclonal antibody . -* 



T 2 3 * 5 6 T 



kDa 



1M 




-3-4- 



15 5 4 



-3— 



-SS- 



uiirn — I 



iffl vn 



-22- 





3JJLD " 































=11- 



Figuro7 i A ; B) r e ducing g e lG i l i m a rk a rp , 3 i TranGgeni 



— .. . c atara c t showing e xpr e ecion of light (A) and heavy ch a in 

JrtgttXS lffft reflWgmg ffttfti. c;fteTnilUTpiT^^ CB) m ohloroplaoto^ 3i Untranofonnodi 1i Human IgAi C) 

dotootion mth rab bit anti oholora oorum (1") and AP - j,.-: 1 i t : — — ; . . . . Li- 
b e l l ed ( 3 ft 5) and unboilod (^);Purifiod CTB boilod (6)and 




tmbuilul (7), Mmku (0) : 
■ TVIai kei free chloroplact tr a nsg e n ic pl a nts . 



^ fa ^^ AT) r»rmjiifTftfr»rl gnat anti-VinynQn frttppq. 

ant i human IgA antibody . 



"ST 



discs 



■44- 



leaf dis cs" 
3- 



plate 
43 

33 
— *9— 

16 
1 8 





Figur e 8i Cornparioon of botaino oldohydo 



-9- 
TTT 



TT 



Gpeotinomycin select i on , A. jV ftThffrrfm Petit Havana 



Control 



■ Toblo 1; — Comparison — e£ — Spectinomycin — a»4 — B e toine 



selection. 



iki lu&t immd of 



» Coi]uu tonipoaition and expres s ion l e v e l s. 
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4 5 dayo. Bi Bombardod loaf diooo ooloctod on Dpootinomyoin 
i a RMQP me di um a fter AS days , C . Spectinomyoin r e cictant 
cl ones cultured ag a in (second round) to obtain homoplasm y. 
D. Potit Havana oontrol in PtMOP medium s ontoini ftg 
■ Bet ai ne A l d erprriff after 13 dayo of oulturo. E. Bombardod 
l oaf diooo oolootod on Botaino Aldohydo in RMOP medium 
* aft e r 13 days of culture j arrow indicat e s unbombard e d l e af 
d isc a s control ! Note th a t 33 shoots are formed on a disc 
selecte d on brtninp fllrtehyrifi* Bgair i Bt 1 - 2 shoots p e r dipc on 

^ntwr^ynr, T7 P^to^^ nMnTiy^n rnnintnnt nln^r a >., U , „ . ^ 

again (c e cond round) to obtain homoplocmy i 



4MTabk 2 (Left); Elagls indicotec 
native coder frttnapositittn und 



9 D 9 D V i ith unmodi6 ^d 



tnffir 



?yprf?Sf»ion levels. 



Kuonadi e t a h (1997) ouggoot t ha t a minimum of 1% T S P io 
odoquato for oommorotal feoaabili t y. See Jcctiuu d) fui 

^^iV ^ f AT ^^^ f J 0 ^p"^^ nptimnl nnHnnn nnrl fl^ nrfT , 
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B iopolvrn e r - Proinsulin Fusion Protoin Eroroop iefr 



JL, C o pper Sfninprl , Bi fooirmgift R»7Sn Sfrnnprl 




}> Fig 9 j A and B Lanooi 1) Prootainod Mark e r (BioRad) \ 3» Sonio oxtraoto of pSBL QC XaPris ; 3 , rev e r s e 
o rientation of insert in pSBL QC XaPrio; 1, pLD OC XaPrio; 5» roveroe orientation of p L D ■QC* XftP rts; 
6) E. eoii XL 1 Bluo oollo with no plaomid . 



Wostorn Blots of Biopolymox Proinsulin Fusion Protoin After Single S top purification 




Pig 10. A. E. tuli uiprufic i ou an d 
elewngo Lanooi 1, BioRn d Fraot a in a d ■ 

Mflrfrnr; ?, lug of Piirrfirrl Human 
lUUU^uliii, 3, Jug, of pGDL) QC XoPrifi ; 



■gig 10 i Bi Pi aoli aisprasgion and' 
c l eavage Lonoo.' lj BipRad ■ 
Prectainod Mnrr a r» 5ug o f 
Purified Hnmnn Proinoulinj 3, 



Pig 1ft- r Ti-ancgpnir nMnrnplrti* 

prprpfsto n Lanoc: 1, Purifiod.fi. ■ 

^ 7> -fr™n pT Ti HP Ynnrin ■ 

B Kpr a Gcionj 3» n e gotivo c ontrol " 
(Potit Ihwaaa), 3 5, Ohloiuplaa r 



Negati v e con tr ol, jeyefjfc miuitoliua, 
5 1 , pDDij uiprcjjing ixllj (GM 



pSBT ■Or.XaPrip (6M rftmnirtino 



tmnogonio linoo. >Jotc dimet, ' 



GuQBidine Hydrochloride Phoaphnfcc 



tPtmmf t and hrvamfr nflgTY'gfltgB of 



Bwffor, ph7 . Q)| 6, XL 1 Dluo Jg.oo/i ■ 
nopSBLr. 



;it L r h7 ft ?' A r T n - nr - Y * p ™: s . 

1 Pl,^ g «/i+V. r\ /\ plowed . 



pn^rmpr.iTtynlin Anion ptoTrin 



Confirmation of ehloroplast integration and homopla s mv/h e t e ropla s mv by South e rn Blot Analysis 




Fig U Rinpnl3nnrr « rrroiTig\i1in faoion gan a 

: Tittimtiiitn iintn 



B onfirmoe V 



(nrfintivp mntrol); 7 . ^ pLfr . OfT - X a griD c la n a c T 0 ; 
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few 



of bacterial oporon in tran s g e nic chloroplas te 




Figure 2 jlummi o g o ld labeled oJootren mie r oooo f y 
of maturo tranogonio loaf . Cry3Aft3 i a ryotolu in 

&e- ■ " 



F i guiL I. L^iA piomlu LL i iicafm ' ation doterminod by BLI S A in . , oparon. 
tho proo e no e of tb a putativ e eb a peronin a ORF2 . 



tpanog c nio a hlornp l nrt a ^pr a cci a g 



ery 3 A . 



■ Expre s sion of a small f32at0 peptide in tronc i gonio ehloropla s ts 




■ SnlO*, 8 «10^ and 8ji10?ooUo of P i &}v*if t g & o. Photos 
w a r s tak e n 5 aa yc after ttt Q eaUtion» 1 3 o£ 
■ aatimiorobial poptid e (AMP) ic Taqwirpd to ki ll lflfl Q* 

infootion io ootimntod to be 200 8 00fiu, AMP . 




^/p/mnn — b a ct e rial oollo, tho ojcp r ojakm k » cl 



EKprcooion of Oli gc 



form (disulfide bonded) CTB in transgenic ohloroplaflte i 




t rans g enic l ine 0 



Figuro Si A) CTB ELI S A quntifi ea tion io ohown no ft p e rc e ntag e of tb a t o t al s ol ub le pi rant prntHn Tntal soluble 
p l ant nrotsi a fr o m younQj imtwra an d old l e ev e c of tranrggnio linoo 3 ood 7 wao quantifi ed. B) CTB CM1 * 
Cang ke fiirto blad i ng ELISA aoooyo ! Pla t es e oa te d firat with GM1 g&ugliusidiA and DO A win platoi m i h tuUl 



o^hjUlo plan* jtmt^ frnm \i^t>r> 1 o^H 1 .^tp^pfamnnH plnn+ fn+nl nnlnl-iln pt-n+n 

dbsuibaiice, ur tho CM1 gongl ie aide - OTD antib o dy c o mplex, waa measured.- 



and purifiod baotorial CTB. The- 
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„ Control (no 
JrmplnTH) 

g urc l(abovo) ! oloning of th e PsbA 5* untranslat ed' 
io n (S'UHQ from the chlorp l ast gmt^ing 
giirC 3 (below); ft cQHiparisison of thr DNA ^rqnmncs of aatiw 
man proiramliii (top) and. plaAlid luudifiLd j^wtfiinyiilin (bottom) ■ 



,r pr gaa r rn a rn rrr ctprgqi 



aataqfl^Qi 



i M f f M M f MM II MM/ 11 MINI I M l KM I f f I 



Figure l.fohnvfr fiflEfng nfttfr S'UTR. to the 
CTB human prouiculin sequenc e, SCP ic th e- 

PShA S'TTTF und thn> rholora Tarin D Diibwii t 

( rTR ) T^Tnart prnincnlin fiigiftn. 



» tho ohloroplaot modified proinaulin (Ftpric) ^ 



vpggnl-frr 



rignngggiggn 



li l i I ill 1 1111 II I I 11 I I I I il 11 11 



irfrgrrgtgaagrtgaflgalrrrarBPigraggri 



goraaFigrragarooooarrrrgarornaorngrrrgrFtgrrrrrggrrrf ggngpgg 

— U~U — I 11 II 11 illl 111 I li 1 II 11 11 11 



agt ai g aa -fite B ags orjI i ggt BB t i gg&goiaggt 



ia tga a g a agogtjgjgG a tsiigtiggaaqaatjgotigtiaooagoatjOpgotic 



II I I Mill llll l l llllli 



44- 



I ! 1 1 1 )1111 11 1 1 

f ngTmnnt-Tintig^Baffli 



PGR 



Motiv e Human Proinauli n 



i Ch lo rop l a s t Modified Promnilin 



5CPTP 
— =¥* — 







FigUrO 6 (above)! PGR produoto to aonfiim f? out tract 
integ r ati o n into the. ehl c re p last geji o mc using t w o pmiMi ' A, 3P 
and 3M. 3P annoolo to tho nativo ohloroplaot g e nomo and 3M 
ann o ab to tho introduced ope s tanomygin rcs i stanrr p^nr, nartAj 
mcafeuij. a 1600 bp pxoduct onl y ifl temogonio cl o npa 

Figure 5 (left) ! SOEing of tho CTB 3 and plaotid - 

■ ooquonooa denoted aj SCPTP. Tbe see o ud lane show tliiS * 
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■ tranDgonio loavoc. Noto 100 fold inoroaoo in protein aooumulation in 
UitJ pjeseiJLt ufilm pmalivt chapcroiiiii, QI(F3i 



i of a small (22 aa) peptid e in tr a n s genic ch lo r o nl asis* 

2 -^" 1 Bio as s a v P i aenmines a 




TiJUiJgcuit 

^uik3 . Leaves we.it iiifo&tod w ith 10 pi of 8k1Q5 ; 
SnW) Bul03 and gxltf c e llc of/? , syvingav , Pboto c 
w a r e tak e n $ diy s a fter inoculati o n . I 3 ng of 

.ant^WAKial pppt^P (AMP) ic rw^Tiirptri tn HlMnOfr' 



ST 

o.o- 



Figuro 1 i Total plant protoin wao mixed with 5 pi of mid 



jn-fpptirvn io i 



■TtimitPd to bo 300 SOOpg AMP. 



\oq ptannn birtrp q *™™ w^nig^ ^ i1hir ^, * 1 1 n " * 

t UKHVii m ' J <On l11 r i r mrl prrmm in Tfi hrnth overnight 
flnnrii PI" minimnm inhffntnry r.nnrpntrflrinn nf 1,7 pp 

■ oaloulatod to bo 2\£ 13% of tho total oo l ubU pr a t e in . > 



Exprcaoion of Oligomeric form (dioulfido bondod) CTB in tran s oonio chloropl a s ts. 



4,00% 



use 



B I. 



a: 



TiBiu. l iitu 0 



Treng I ina 7 



1M 



0.00% 



□ 



Of 2,50% 



UntmnfifnrmFrl 



plant 



A U.4 



LOOK 



0.00% 



Vonnp Mntnri CM 



t r ansg en ic l in e 3 



Vumifc Mmuhi Ol d 

tranagcni o l in e 7 



C 
E 



-BSA 



GM1 



pl?IPt pr^^ir fr^ 3 OT1, "g, mQtnrfl QT1 ^ '""'^ nf Wnrgpmin linar t find 7 linr qmntififfifi Itt TTB fJM4 » 

QaugliosiU e binding BUBA assays ; Plate9 coated fiygt w ith GM1 gangliooidoo nnd BSA^wm a plated nrith to tal 
s o luble plan t p r o toin from linca 3 a nd 1 lui tr amformLil pUiit tulal Auluble piuleiu ajiU puiiXfcil baileiul U'XU. Tlir 
a boorbonoo or tho GM1 flanfllirafiide - fTB antibody complff a nnt mpimrad . 
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t FYpreBEion of CTB oligomcr s r - 



LExare&sio n fir -assembly of disulfide bo n ded 



CuVfi 13 monoclonal anriboch 




■ durmdon wiflT labbii T ^UitLirulLi d^uuLJ U a J 4" d Ai 1 2) Untamofprmod^ 3i Human ;IgA. B iota A t!L Q * wit 
■ labolod — mouae — imiiTabbit — IgQ 




de tected v . r i th AS conjugated goat anti human ka pp a 



* IIS A Nuoloar transformation o f putalu ulairt r, 




ttifforont loveb of cxpreaji ea. 



of USA by ehlorop tas* 



o/_ xroA- 

yjpilTP Q* p r ^i.*>r.oy hi'rirtprrm in nliirfiii ^ | <np" 

fCennehec ar>ri n^cir** f-roncQ Pn j r plenty fl ypr s coing 
different IIGA levels. RumlU oil aIi uwii as Uf 
p e roontagoo of tranDgeaie p laiUj (vuliial dAis) ltA 

protein (hoiluuiiliil ajiia). 



Codon composition and expression lc **e*s? 




™ww M - (oonfaol without RDG); t; 

TLB- J ' UTR-IIQA, J. yU>RDS'II3A, 6. jjLD- 
OftTl I E - HQ A, 7. £. uutt witliuutpLD » cclur. 



■ Toblo li Unmodifiod nativ e codon composition and ojepropoioD - 
lov e lo oboorvod in tranogonio ohloropliioto. Sco opotiuij d) fiu 
Aotailg of AT content, OOyabA updmal eodum and 06 uf luduus 
> tho* natoh tho o p tftNA pool. TCPi 00 to t al o o lubie piotoin ■ 
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« SuuLlimii blul analysis of IIS A transgenic tobacco pionto i 





LaiisgeiiiL lubaim DNA digested with EuuRJ. 1,2,3,4; DNA Hum plaiiUJ limmflHiimd 1 



with pLD * RDD"II0A, 5,0,7. pLD-:TpiljA-II3A, 8,9,10: pLD-Orfl-Urli-HSA. IMUUi 



■ h o moplaomy in all tho clones m&ftpt imnJjci (j. 

» ftfui Lliem blul analms uf IIBA tran s genic 

■ tobaoco plants . r- 
l 7 3 — —4 



t FT IS 4 a nal ysis of HSA transgenic toboo ee- 
plant s 




Figure 3: Nurihern Blui o£ HSA t r ansgenic planm 

using HSA rirnhft (1 X Ich) 1- imtraTigfnrnriffri tnV»flr^.r> 



□tandordoj F/l Si PlnnVj G/l 3; Untrancform ad P e tit Hav a n a 



RNA. 2. RNA Hum plauta toanofonnod with i pLD 
IU)S IIC A * 3i pLD Orfl Or£3 HSA; 1 . pLP 5'pcbA 
IIOA. N ot e diffe r ent aigoo of tronoonptc and tho 



pr o tein e xtr ac t s ; D ' E/3 - 1; protoino from pi ante traneforn aed- 
with uLDOrflQrC - IIfiA; F G/3 S i pLD REf 



HQ A, Rust uf Oil. wills c o ntain cxtraeta from different olonoo 



pr e o e no s of monooictronc in numb e r A , 




ayLiyyayyyuy^iLLayaiiaggcat£^l9yaliijagt.g e fe g eteteee gg a gq 
LyLyaLiLaay;jayyLXyyagabgfeufefey^goaeg cc fe e aag ega g a aaag 



ccagct 



r 1 - lilll I — ~ 
■ juu up 




tij1;gat ; 1 i feft a gteogtete1pa g aQatgfea e featiL | ^fce>^L f LLuuuuuuLL | ^Laaa 



ooquonoo nooording to ohloroplna t pi ' iLiunni 
c odon ucogo ! Noto ohongoo in g od. C) IGIM 



• gynthotio gono aft or roouroivo PCIL 
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» TBALmeAgion of a sm aB- 1 peptide in tranogon lo ohloroolaBts 



la- 




■ win taken 5 daya afto f inoculation. 12 fig of 

■ mUimiu 'o bial peptide (AMP) b icqulred tu kill lO eftf 
■ bmluial ti e Uj. LuljI uuuiuiliaUuu m Uie iJm Uf 



Fiume 2. Total plant! protein woo mbiod with iS pi of mid 
1 « T n hnna tmotorafl ft'om overnight mlturcj, ia mbat e d ferf 

•p nT ^ ~» rrnrr~"~ iirtiihrtrrry o aiKir. ii itvntami uf H PS 



AMP/1000 Imutoriol cxilli, Oil ciipaiijluu IiulI 
ualuulated tu bii 21 ^ »3Qft uf tin: tuliil iulubli pjulLiir 



1 Eai 



o f Oli e c 



■ form (disulfide bonded) CTB in tran e genif e hloronlasfs. 




-4* — 1396 rn d iining, PAGIL Oao ffi 




mud, 3? IMw luA. DluU A & G ujlil * 



dotoottrd 11-ttti ft"** c""* 1 i"H'pn> 

•ntibody^ Plot B w < d i tort e d with AP conjured g o a fr 
and human IgA antibody . 
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_ id pnr lrifin nnH 

r pi ire HS/\] 13 Q "^ fi * *- f ' '\ l1m 

r diffcj eul In vela uf tfjtpuftiJuiL 



* *few oflbion of 116 A by chlor o ulaa t 1 
< sec t ors in IT. c o fe 

* -> 3 d 6 — -4 9- 



Eigur g 7; Hrvcnenry hirtngnrm inriiirihiifl prmrrrifrinc 
Kann e b a o and 3D 6 rnrte fmnoggnio plonto coiprc esttg* 

AXXc*^ A T?«rni>tn m-n nlinnnn m i ll* ' 

P^n/>»^0Ao rvf -rrvtTngpnir plants fvrrtirnl TrffTl Hin . t . ■ 

prot i in (Uuimuiital oju'd) . 



» EKproaflion of HS A via oh l oroplaat genome in tobac eer 



50 



Jl&z 



-3tr 

37" 



ffignro 8 i ffiggiorw Jfg* o tK eoii protein wrtnwto . 
! ■ 50 ng p u r e IIBA; 2; molLiuliir wtigiil uuukei; 
9 - uLIMIOA (uudiul uvLUiUiii RD3 1 ). 4. flXJ - 




T iTlrn r 1 ni nrt 1' ^flrl typr pi .ml I 1 1 rill 1 !' tr 

. i . f i i.„ l mi ■ — ht- 



rrtrarft form pli n il t\ 1 1 n in fun Mj ' 1 w llll T T P 



■pLD HBO IMA, T T — pEH- 



Jcadad-peiuateil 



■Were 



■ PGR miahsfc uf tiauafumiauto lu dctei miiitf iuUrqi aliou o f II S A gene Into the chloroplas^-j 




1650 bp 



trmTT ft »~"iHti on v n nt n r nn dj p n iii i i r I nin lmi fi t r -r-fl) 



JgfflT 1. 



